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A B S T R A C T  

Prior  to the Gemini 3x mission all simulations of extravehicular  acti- 
vity were of a  partial  nature,  mainly utilizing the zero gravity  air- 
craft. This simulation  technique did not provide  adequate  assessment 
of  the biomedical  factor8  of  the  performance  of  Gemini X-m. Thi8 
problem  was  brought into sharp  focus  by  the  early  cessation  of 
Astronaut Cernan rs extravehicular  task  on  Gemini X .  

Concurrently, a N A S A - L R C  supported  program  of  water  immersion 
simulation was  underway at Environmental  Research  Associates  to 
investigate future ingress-egress  requirements.  This  program  was 
extended b y   N A S A - M S C  to  include  the  postflight  evaluation  of  the 
Gemini X task and further  to  investigate  the EVA of  Gemini X and XI. The program culminated  with Astronaut A l d r i n  performing  pre- 
flight  training and postflight  evaluation of the  successful GT-XZT EVA. 

The  water  immersion simulation =tf the Gemini EVA utilized full-scale 
mockups  of  the  Gemini  vehicle including portions  of  the  Agena  target 
vehiale with valid replicas  of  ancillary EVA equipment  such  as  tools, 
astronaut  maneuvering  unit,  etc. A I I  important  items  were maintained 
in a  neutrally  buoyant  condition.  %io-instrumentation  was  incorpor- 
ated  into the  Gemini  flight suits and continuous  voice and film  records 
were  obtained 

The water  immersion  simulation  of  the  Gemini  extravehicular  activity 
provided  a valid training  time  line for  performance  of  complex  extra- 
vehicular tasks and provided  adequate  measures of the  level of work 
entailed. A second  capability  evidenced a s  a result  of  the  program 
was  the method f o r  evaluating  various  competitive  hardware  concepts 
such a8 tools and motion restraints.  The  technique  used in the p r e -  
flight  evaluation and training was  to  perform  the simulation r u n  with 
ERA subjects  prior to  actual performance of the  training r u n  b y  the 
astronaut.  This  technique  permitted  pre-evaluation  of  hardware in a 
repetitive  manner a n d  served  to  assess  the vabidity of  the  water  simu- 
lation  mode.  Factors  such as drag-damping and orientational  stability 
were  compensated  by variation of the  mockup  orientation and codig- 
uration . 
Subseqyent  to the flight, the time  lines and the  bio-medical data were 
analyzed  to  determine  correspondences and dzerences.   The  resul ts  
of the  simulation  program  supported by  an analysis  of  idlight data 
provides a performance  baseline for  future EVA tasks  and critically 
evaluates  the  water  immersion  simulation  technique f o r  utility in future 
programs 
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I N T R O D U C T I O N  

The  early  cessation of the EVA task  of  Gemini X caused  a  reappraisal 
of  the  qethods  for  preparing  the  astronauts  for  the  flight and also of 
the  techniques  for planning E V A  tasks.  This  reappraisal  focused 
primarily on the  inapplicability  of  the  then  existing  simulations and train- 
ing Eor long  duration EVA tasks.  

T o  address  this  problem, N A S A  extended  a  current  water  immersion 
€$VA research contract with Environmental  Research  Associates  to 
include an assessment  of  the  GT-X EVA. When  the  simulation, per -  
formed by an E R A  subject,  closely  approximated  the  actual  flight per -  
formance it was  decided  to  continue  the  program  through  GT-XI and 
GT-XLT. The  program  further included a  subjective  evaluation of the 
simulation  tFchnique b y  an experienced  astronaut.  Cdmr.  Eugene 
Cernan  performed  this  function  through  a  postflight  evaluation  of  the 
GT-IX EVA. 

Simulation  of  the  GT-XI EVA, by  ERA subjects,  was used to  iden- 
tify problem  areas and to  schedule task sequence.  Although  the 
GT-XI EVA was not  completed  during  the  flight,  a  comparison  of  the 
resulting data emphasized  the  need for  water  immersion simulation 
and training. At this  point in the  program N A S A  included  the  water 
immersion  training  of  the G T - X I  EVA astronaut. 

Calibrations r u n s   b y   E R A  subject and  training runs   by  the prime and 
back-up crews  were  performed on  a  continuously updated mockup of 
the  GT-XtI flight  configuration.  Subsequent  to  the initial training run, 
mqjor modiEications were  made  to  the E V A  task  which  required  addi- 
tional training  time and a  rescheduling of the  launch  date. 

Training f o r  the  final  version  of  the  GT-XU E V A  using high fidelity 
hardware  mockup  was  completed  two  weeks  prior to  launch.  Bio- 
medical  measurements  were  made and a  time  line f o r  the  flight EVA 
was  established.  Finally,  a  postflight  debriefing  run  was  performed 
two  weeks d e r  mission  completion by  the  astronaut. 

The  success   of  the  Gehini XII E V A  has led N A S A  to  include  water 
immersion training as  .an  integral  part  of  E VA mission  training and  a 
pool  facility  has  been added to  the M S C  complex f o r  this  purpose. 

Since the end  of the  Gemini  program  meant an end to all immediate 
3 V A  experiments  contract  NASI-7142  was initiated b y   N A S A - L R C  
and undertaken by  ERA to  correlate,  as  closely ,as possible,  space 
experience and the  simulation program.  The fo116wing report  presents 
the  results and conclusions  of  this  program. 

xi 



2.0-PROGRAM  SUMMARY 

G E M I N I   E X T R A V E H I C U L A R   T A S K   S I M U L A T I O N  

Portions of the umbilical  extravehicudar tasks' of  four  Gemini  missions 
were simulated by  water  immersion  techniques at ERA.  These  were 
the G T - X ,  X X ,  and . X n  missions. A summary  of  the  specific 
Basks  simulated is given in _T&Ie I .  

The   QT-X  umbilical EVA was  the first mission-task  to  be  simulated, 
and was  perfonmed  by an ERA subject  wearing an Arrowhead  ver- 
sion  of  the  full  pressure suit, This  was  followed  by a  postflight  run 
of  the G T - X   A M U  donning task  by  Astronaut  Cmdr. E .  Cernan. 

Subsequent  to  the  performance  of  the  GT-IX simulation,  the  complete 
task line of the G T - X  umbilical E V A  was  performed  by an ERA 
subject.  This  was  followed  by  the simulation of the original version 
of  the  GT-XU E V A  performed  by  Astronaut Col. E .  Aldrin.  Sub- 
sequently,  Astronaut  Aldrin  participated in extensive  water  immersion 
simulation - training of the  final  version  of  the  GT-XU EVA. 

Gemini X - The  Gemini X E V A  tasks were  performed  by an E R A  
subject  wearing an air-pressurized  Arrowhead, Mark N Mod .6 full 
pressure suit. The  task line  included  the  connection of  the HHMU 
nitrogen  quick  disconnect on the  adapter and the  placement and r e -  
trieval  of  experiment  components  located  on  the  Agena T D A  (the 
T-17,  and S ; - O l O  eqeriments).   The  subject  performed the HHM.U- 
QD task b y  staging in a  position  representative  of  standing in the  open 
hatch  of  the  spacecraft,  proceeding in a  hand-over-hand  fashion along 
the  adapter  handrail and connecting  the QD while  retaining  a  handhold. 
The  subject  routed  the N underneath  the  handrail  prior to the  connect 
task. A reverse  order &connect task was also performed. 

The  ERA subject also performed  the  T-17, S-010 placement task on 
the  Agena T D A  mockup.  This task included transfering  the  T-17 
experiment  to  the  Agena T D A  mockup,  placing  the T-17 on the  Velcro 
attachment  pad on the  Agena  surface and retrieving  the S - 0 2 0  experi- 
ment.  The S-010 experiment  was  transported  from  the  Agena in two 
pieces  by  means of Velcro  attachment  to  the E L S S .  The HHMU 
mockup  was  also  carried on the E L S S   b y  means  of  Velcro  attachment. 
Figure ,1-1 shows a sequence  of T-17 and S-010 experiment  place- 
ment and  retrieval.  The E R A  subject  experienced  great  difficulty in 
handling and retaining  experiment  hardware  during  movement  to and 
f rom the  Gemini  target  vehicle. 

Gemini lX - Astronaut  Cernan  commenced  his  AMU donning task at 
the umbilicql  pigtail  connection  on  the circumference  of  the  adapter 
curtain.  He  then  proceeded to  don the A M U  to the  point of the 180" 
turnaround  prior  to  strapping  himsell into the  AMU.  The task in- 
cluded  the  activation of the A M U  and ended with the  chest  restraint 
connection  prior  to  release of the A M U ,  the point at which  the  abort 
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decision was  made in flight.  F;gure 2-2 is an excerpt  sequence 
f rom the  film  record of Cmdr.  Cernan 1s .pesfoz-mance. Wate? immer- 
sion simulation  of GT-IX substantiated  the  validity of water  immersion 
simulation as a tool for  assessing  spaceborne tasks,. 

Gemini X l  - A n  E R A  subject  wearing  a  pressurized G2C-FPS p e r -  
formed  the  GT-Xl E V A  tasks in sequential order.  . During an initial 
run it was  determined that the  sequence  required  modification  due  to 
equipment  interactions.  The  resultant  sequence  of  the  Gemini X 
EVA tasks was used  during  the  subsequent  simulations.  Figure 2 - 3  
shows  a  portion  of  the  water  immersion Simulation of  the GT-Xl  
E VA. Ear ly  termination  of  the G T - X  EVA prevented a direct  com- 
parison of the  results of the  preflight  water  immersion  simulation. 

Gemini XU - Subsequent  to  the  reeonfiguration  of  the  Gemini mj E V A ,  
a series  of simulations of the  final  version  of  the GT-XI   ex t ra -  
vehicular tasks was performed  by  Astronaut Lt. Csl.   Aldrin.   Also 
included was a  postflight  simulation  evaluation  run by  Astronaut  Aldrin. 

The  mockup  codiguration  comprised a full  scale  visually-accurate I )  

version  of  the  Gemini  reentry module  including the R/R section and 
the  adapter  section  plus a cylindrical  section  of  the  Agena TDA  work -  
site. 

The  simulated G T - X I  EVA comprised  three  basic  sequences; (I) erec-  
tion of  the  cockpit T D A  handbar, (2) Agena  TDA  worksite  tasks and 
(3)  adapter  worksite  tasks.  Figure 2-4 shows  the planned task line 
f o r  the  GT-XU umbilical EVA which  evaluated  the  astronaut Is ability 
to  work  unrestrained and to  work and rest,  restrained  by  waist 
tethers, both in the  spacecraft  hatch and on the  target  vehicle.  During 
this  period  the pilot connected  the  Agena  tether and activated the S-010 
micrometeorite  experiment  package  located on the forward  section of 
the  target  vehicle.  The pilot then  moved to the  spacecraft  adapter 
work station. 

During  the  first night period,  the pilot performed  various  subtasks at 
the  adapter  work  station,  alternately  evaluating  various  restraint  modes. 
The  pilot  exited  the  adapter at the start of  the  second daylight period 
and proceeded  to  the A T D A  work station where  he  performed  various 
subtasks.  The pilot returned  to  the  hatch  after  clearing  the  target 
vehicle and spacecraft. 
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MISSION 

GT-9 

01- IO 

GT- I I 

GT-12 -I 

GT-12-2 

TABLE I GEMINI EXTRAVEHICULAR 
~~ 

TASK 

HHMU N2 QD 

EVA  Camrra 
placement 
Agena t r t he r  
Foot restraint 
evaluation 
Apollo sump 
camera  retrieval 

HHMU QD 
D -16 

AMU Donning / 
Doffing 
AMU evaluation 

Handrail  eraction 
Adapter  work tarkr  
TDA work tasks 

~~ ~ ~~~ 

CONFIGURATION 

Adapter  end sectlon 

HHMU QD panel 
Agena TDA  half- 
section 

Adapter  end sectlon 
and  thermal  curtain 
Reentry module 
R / R  section 

Same  as fo r  GT-11 

Reentry  module 
R/R  section 
Equlpment adapter / 
work station 
Retro.  adapter 
TDA /work  station 

SIMULATION  TASK  SUMMARY 

ANCILLARY HARDWARE 

AMU (1x1 with tether  bag  and  prnlight 
GT- 9 foot  restraints 
GT- I1 foot  rectralnts 
ELSS 

HHMU 

S-IO and  retentlon  bracket 
EVA  still camera 
ELSS 

T - I 7  

Apollo sump camera  and  brackeir 
HHMU 
EVA mode  camera  and  brackets 
EVA  sti l l  camera 
ELSS 
D-16 with knee  tethers 
GT-I1  foot  restraints 
Agena tether  and  clamp 
Docking  bar  mirror 
Debris  cutters 

AMU  (XI11 wlth tether  bag and  penlights 
GT-12 foot  restraints 
EVA movie  camera  and  brackets 
AMU tether  restraint clamps  and  ‘attachments 
Debris  cutters 
ELSS 

Foot  restraints / waist tether 
Portable  handrail 
Adapter work station 
TDA  work station 
Agena tether and  locking  clamp 
s-IO 
EVA movie  camera 
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Figure 1-4 GEMINI PI: UMBILICAL EVA TIME LINE 
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2.0-WATER  IMMERSION  TE-C-HNIQUE - 

The  water  immersion  technique  employed in Gemini  sim ulation was 
developed by Environmental  Research  Associates and compsfses  the 
complete  submersion of a subject in an air-pressurized  single-gas 
anthropomorphic  full-pressure  space  suit.  The suit is maintained at a 
pressure  of '3.7-4.0 p s i  above  ambient  water pressure  by  means  of  a 
relief  valve  mounted in the outlet port of the  suit. 

The complete  weight of the  subject and associated  equipment is counter- 
balanced b y  the  buoyancy  forces acting  on the  subject  exterior, i.e., 
the  mass  of  the  subject and equipment is  aGusted  to  equal  the total dis- 
placement.  Since  the suit when  pressurized  occupies a volume  greater 
than  the  subject,  ballast is required  to  achieve  this condition of neutral 
buoyancy.  The ballast is provided b y  means of distributed  external 
wieghts,  located  to  provide  balance in roll,  pitch, and yaw axes as 
well as  maintaining the  neutral  buoyancy of the  limbs.  The  water 
immersion  technique  has  been  demonstrated to be valid for  low-velocity 
motions within restricted areas  such  as  the  Agena and spacecral?  adaptel 
work  stations. 

Successful  application of  water  immersion to the  Gemini  Program  was 
d u e  in large  measure to the  experience  gained in prior   research  pro-  
grams and to careful  consideration  of  recognized simulation constraints. 
The  water  immersion simulation technique is  constrained b y  the  follow- 
ing major factors:  

(1)  The  effect  of  the fluid  medium  on  the motion of  the  subject. 

( 2 )  The  mass  increase due to ballasting the  subject. 

(3) Attitude  stability  characteristics  due to geometry of the 
subject. 

( 4 )  Metabolic ekfects of the suit pressurization  system. 

The  fact  that  limb movement  rates  are  constrained in a pressure suit 
and that safety  considerations dictate  that EVA be  performed in a slow 
and deliberate  manner  greatly assist in minimizing  the  dynamic effects 
of the  water  medium.  Experience at ERA has  shown that subject 
velocities of l ess  than  one foot per  second  result in negligible displace- 
ments  due to planing and that the  drag forces  are  low  as  compared to 
the  pressure suit forces   necessary to induce  the  translational  velocity. 
The   pressure  of the  water  drag  force  as a damping medium not p re -  
Bent in space is a limitation which  must  be  kept  constantly in mind in 
evaluating the  results of the  simulations. 

The  damping effect  of the  water  is  somewhat offset b y  the  necessity 
f o r  the suit subject  mass to be 30 to 40 percent  higher than  actual  due 
to  the ballasting required  for  neutral  buoyancy; that is, the  ballast 
inertia  tends to compensate  for  the  water damping and the  response to 
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the net force is  similar in direction and  magnitude  to  the same require- 
ment iq the  spaqe  envirgnment so lopg as the  accqleration a n d  velocity 
of  the  subject  are  relatively  small. 

The  air volume  of  the inflated full-presgure suit  allows  the  body  pqsi- 
tion of the  sybject  to  change within' the suit. The  center of gravity of 
the  suit-subject  assembly is therefore  a  function  of  subject  body attitude. 
The  ceptqr  of  buoyqncy  for  the  suit-sybject  assembly is not altered by 
the  shi3  of  center  of  gravity. Misalignment  of  the center  of  buoyancy 
and the  center of gravity  results in rotatian  of  the  subject  to  a prefer-  
ential attitude which  aligns  the  center  of  buoyancy with the  center  of 
gnavity  dong  the  gravity  vector.  Constant attention to  this  phenomenon 
aqd reballasting  necessitated by   gross  attitude changes hold this p r e -  
ferential attitude effect  to  a  minimum. 

No attempt was  made in these simulations  to  exactly duplicate the suit 
inlet and outlet gas  environment as  provided  by  the  Environmental  Life 
Suppor t  Sys tem ( E L S S )  chest  pack in space.   Air  is  supplied  to 
the  pregsure suit subject via  an  umbilical  containing the  air  supply  line, 
air  exhaust  line, and electrical  leads for biomedical measurements and 
voice  communications. These  items  are  encased in a  normal umbilical 
flight cover with ballast  weights  added  to  achieve  neutral  buoyancy for 
the umbilical. The resulting umbilical assembly was  slightly larger 
than  the  flight  item but exhibited similar  dynamic  behavior. 

A n  airflow of 10 C F M  was  used  to  assure adequate  cooling and carbon 
dioxide  removal from  the  space suit. The subject was  biomedically 
instrumented with s t a n d a r d  flight sensors to obtain electrocardiograms, 
respiration rate and depth, and body  temperature on a continuous 
basis. 

Figure 2-1 shqws  the  system configuration  developed f o r  the  simula- 
tion of  the  GT-XU umbilical EVA. 

A full  scale  mockup of the  Gemini  spacecraft and target  vehicle  was 
utilized in the  training-simulations. It consisted of a half section  of 
the  spacecraft  reentry  module, a 1 /4  section  of  the  spacecraft  adapter 
@hell, a full mockup of the  adapter  work station area, and a 112 sec-  
tion of  the  Agena  target  vehicle. 

The  spacecraft  target  vehicle  area and  spacecraft adapter work stations 
were  full  fidelity  mockups utilizing  training hardware identical to  the 
flight  items.  Intervening  areas  were  constructed to conform  to  the 
mold line codigurdisn  of  the  flight d i c l e .   T h e  mockup  was  located 
with the longitudinal center-line of the  assembly 6 feet  below  the s u r -  
face oi: the  water.  Figure 2-2 shows  a  repregentative  mockup  con- 
figuration in the ERA facility. 

Auxiliary  equipment  included  the  Agena  target  vehicle  work  station 
equipment,  adapter  area  work station equipment,  astronaut  tethers, and 
motion picture and still camerae. 
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F&ht configuration  work station hardware and Cethers wcrq  used an# 
DQ attempt wals mede  to  achieve  neutral  4uoyanay in these Items. 
The  cameras  were non-opersjlting neutFajly  buoyant mockups of the 
fliqht hardware, but the attachment braqkqtry was identical to flight 
hardware. 

The  following  personnel attended the  suit-eubject in the  water f o r  the 
Gemini XE simulation run.  

2 -  
1 -  
1 -  
3 -  

Assisting 

3 -  
1 -  
1 -  
1 -  
2 -  

safety and equipment  specialists 
simulation engineer 
test  conductor 
photographers 

in the  simulation  activities in the  area  outside  the  pool  were ; 

biomedical  monitors 
command pilot 
flight  plan  specialist 
pressure  suit  specialist 
photographic  specialist 

All eimulation personnel  were in communication via a system  of  head- 
sets and an  underwater loud speaker. 

Data from  the simulation  consisted o f :  

(1 .) Continuous 16 mm  color motion picture  film 

(2) Continuous  tape  recorded  voice  communications 

(3) Biomedical data in continuow  and/or  tabular form 

( 4 )  Post  run debriqfing of the EVA astronaut 

(5) Post  run  debriefing of simulation personnel 

Eaoh simulation session lasted  approximately 3 112 hours and two 
simulations were  performed  each day. Gemioi XU simulation schedule 
wlth Astronaut Major E .  Adlrin as thq Hubject was as follows : 

Sepbember 12, 1966 - Simulatioq of the  early  task  plqn for  the 
Gemini XU mission  which  included (2) attachment of the 
target  vehicle  tether and (2) preparation and flight OE the 
astronaut  maneuvering unit. 

October 17, 1966 - Simulation  of  the  revised  Gemini XU task 
plan  which  included (1) attachmqnt of  the  target  vehicle 
tether, (2)  operation  of  the  adapter  work statio4 and (3) 
operation  of  the Agena  work  station. 

October 29, 1966 - Simulation  of  final  Gemini XU task plan.  
Emphasis on task  time,  task  rsequence'and  work  load. 
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The  Gemini  Program  consisted of twelve  flights,  ten  of  them  manned 
by  two-man  crewB. Six of these  flights had umbilical extravehicular 
activity b y  the pilot as  par t  of  their  mission plan. These  flights  are 
shown in Table lI. 
Additional  standup EVA was  accomplished on these  flights with the 
pilot  standing in the  open  spacecratl  hatch.  The EVA portion  of  the 
missions  was  completely or partially  accomplished on all Flights except 
Gemini Vm, which was terminated  before  the  scheduled EVA due to 
a spacecraft malfunction. 

The three  objectives of EVA on the Gemini  Program  were: 

( I )  Develop  the  capability f o r  EVA in free  apace. 

(2) Use the  developed EVA capability to  increase capability OE 
the  Gemini  spacecralt. 

(3) Develop  operational  techniques and evaluate  advanced 
equ.ipment in support of EVA f o r  future programs. 

In general,  the  principal  objectives  were  met but problems  encountered 
during  the  program  somewhat shifted the  emphasis on the  objectives. 
The evaluation of various  free  space  propulsion  devices  was  deferred 
in order  to obtain a better  understanding of tether  dynamics,  body 
crtabilization requirements,  operation  of  the  pressure suit system, and 
control of metabolic energy  loads. 

Qne of the  moat  difficult  aspects  of  developing an extravehicular capa- 
bility was simulation.  of  the EVA environment.  The combination of 
weightlessness and high  vacuum is unattainable  on earth.   Zero graviby 
aircraft  simulations were extensively  used and proved valuable  but 
occagionally misleading.  Neutral  buoyancy simulationrs underwater ulti- 
mately  proved  to  be  the  most  useful duplication of  the  weightless, 
tractionless  Mpect of the EVA environment  as  experienced  by  the 
Gemini  astronauts . 
The flight plans and tasks   for  EVA were diaCerent fo r  each  Gemini 
mission BO the  widest  possible  experience could be  obtained  in  the 
limited flights  available. This diversity of flight  activities  made  the suc- 
cess d the  program  highly  dependent  on  good  simulation  of  the EVA 
environment f o r  development  of  the  flight  plan and equipment and f o r  
training of  the EVA astronaut. 

Simulation f o r  Gemini N, and X - A  consisted  of  flights in the ZQTO 
gravity  aircraft f o r  astronaut  training and equipment procedures  devel- 
opment; and one  gravity  walkthrough  for  flight  planning  development, 
stowage  development, and astronaut procedures  training. 
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Gemioi X and XT had the  benefit  of  water  immersion  zero  gravity 
simulation for  flight  planning and equipment  evaluation f rom simulations 
performed  by  the  Environmenbal  Researgh  Asspsiates pressure suit- 
8ubjecbB  4nd made available to the  Gemini night crew8 in motiov pic- 
ture filma. Gemini X, the  last  Gemini misrsion,  had the full benefiq 
of water  immersion  zero  gravity simulation in the form &: 1 

(1) Real tiqe, fq11 length  task  line  development utilizing both 
the EVA pilot and the  command  pilot. 

(2) Extensive  pressurized  spacesuit operating  time in a  trac- 
tionless  environment f o r  the E VA qstronaut. 

(3) Biomedical  surveillance of the EVA astronaut  during  simu- 
lation to  enable proper flight  planning OE the E V A  work 
load. 

Froblema  Encovntered  During EVA - While the  mqjority  of  the EVA 
m'ission  objectives  were  met on each  flight,  each had minor  discrep- 

I ancien  worthy of note  to those  interested in the  planning required  by 
such a unique  activity. 

The first entry into extravehicular  activity  was  performed on Gemini Z V  
b y  Lt. Col. E .  H .  White. The  only  difficulty  he  encountered  wae in 
closing  the  spacecraft  hatch at the  end  of  the EVA. A much  higher 
level of effort  was  required than had been  enoountered in aircraft and 
ground  simulation,  resulting in rather  severe  overheating  of  the EVA 
pilot and to some  lesser  extent  the  Command Pilot  who had to assist. 

The  Gemini =-A mission  objective, to  evaluate a stabilized  maneuv- 
ering unit during EVA, was  not  achieved  because  Astronaut  Cernan tw 
high  metabolio  heat load caused  visor  fogging,  resulting in restricted 
vision.  The high heat load w a s  due  to  difficulties in maintaining  body 
position  during  the  maneuvering unit preparation  activities. These 
difficulties  were  unexpected in that the  Gemini IV EVA and the 
Gemini X-A training in the zero  gravity  aircraft had not  identified  the 
extent of the  difficulty in maintaining body  position. 

The  body positioning problem  occurred again 00 Gemini X but did not 
have a significant effect on performance.  The  work load and posi-  
tioning problem  became  increasingly  more important  alter  the  Gemini X l  
mission.  Severe heating and sweating of the  astronaut in coqjuncticw 
with body positioning problems with  activation of  the  Agena  tether 
paurged an early  cessation of the umbilical EVA. 

Major Results of  Water  Immersion  Simulation of Gemini. EVA - The 
water  immersion  simulation of zero  gravity had been  used  previously 

quickly  establishe? a s  an  engineering and task planning tool in support 
of future  Gemini  flights. 

I b y  NASA as a  research tool and a s  a  result of Gemini X - A ,  was 
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A relatively  low  fidelity  neutral  buoyancy  simulation  of  Gemini X EVA 
pa& tasks revealed no  unexpected  dBiculty and  none  was experienced 
by .AatronauC Collins  on  the  Gemini X flight  except  stowage and house- 
keeping  dBiculties  which  resulted in loss  of  some  equipment. The 
neutral  buoyancy  simulation  of the Gemini X EVA task plan  revealed 
that  movement along the vehicle while  burdened with many  loosely 
tethered items of equipment  resulted in a high  probability  of  equipment 
lolss and possible  entanglement,  as had been  experienced  on  Gemini X .  
A s  a result,  two  bulky  items  of  equipment  were deleted to enhance 
the  chances  for  recovering  the data from  experiments in the  adapter. 
No diEiculty w a s  experienced with the  target  vehicle  tether  attachment 
task  during the neutral  buoyancy  simulation of Gemini Xl EVA, where 
the  task  was  conducted  as a one hand operation with the other hand 
used  on the docking  bar to maintain  a floating  stability. 

During  the  Gemini Xl flight EVA Astronaut  Gordon exceeded the 
capability  of the EVA Life Support  System,  resulting in excessive 
fatigue,  overheating, and possibly  exceeding  acceptable COz levels due 
to high  metabolic  Ioada. The high  metabolic  loads were  generated 
while  attempting to maintain body  position to accomplish  the task of 
&aching the target  vehicle tether. The body  positioning  technique of 
using  the legrs to hold position  on  the  spacecraft  nose  was  successfully 
simulated in aircraft and LG training but proved too fatiguing in flight. 
Had the astronaut  used both neutral  buoyancy and  aircraft  zero  gravity 
simulation f o r  his training the problem would most likely have  been 
discovered. 
Gemini EVA experience  through  mission XT led to the following  con- 
clusions : 

(1) Engineering and task  analysis  preflight planning of  the EVA 
missions had been  inadequate to completely define the d B i -  
culties  encountered. 

(2) When  unexpected difti'culties were  encountered in flight they 
resulted in body positioning problems and a large increase 
in metabolic load as the astronaut  powered  the  space  suit 
in an effort to maintain body stability. 

(3) The astronaut could generate  metabolic  loads  which exceed 
the capability  of the EVA Life Support  System  resulting in 
degraded  performance. 

( 4 )  The EVA astronaut  should  use  neutral  buoyancy  simulation 
f o r  training in addition to zero  gravity  aircraft  flights. 

(5) The Gemini xzir should  be  devoted to defining and resolving 
the  body  restraint  problems by  means  of  a series of varied 
tasks ,  while assuring metabolic  loads within Life Support 

. Sys t em capability. 
These conclusions  resulted in the requirement  for a high fidelity, 
neutral  buoyancy  simulation  of the Gemini XU umbilical EVA to be  flown 
b y  Astronaut A l d r i n .  This simulation  would address both  engineering 
and crew training  aspects. 14 
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TABLE 33 

Summary o f  Umbilical EVA Activity of the Gemini Mission 

MISSION 

GEMINI IE 

OEMf Nl 9III: 

GEMINI 38c - A  

GEMINI X 

G E M I N I  X E  

. GEMINI XIC 

E V A  ASTRONAUT 

LT. COL. E. H. WHITE II 

LT. COL. 0, R. SCOTT 

C M D R .  E.A. CERNAN 

MAJOR M. COLLINS 

LT. CMDR. R.F. GORDON 

LT. COL. E.E. A L D R I N  

DATE DURATION 

JUNE 3,1965 36 min. 

MARCH 16,1966 - 

JUNE 5,1966 2 hrs, 7min 

JULY 20,1966 39 min. 

SEPT, 13,1966 33 mln. 

NOV, 13, 1966 2 hr 6min. 



4. O-PERF'ORMAN~J?~ ANAL YSIS 

Water  immersion  simulation had been used by ER.A prior to  the  Gemini 
simulation  program for  general reseaz-ch ~ L ~ F P ~ ~ S B S .  The main tasks 
investigafed  were  ingress-egress  thsaggh E L ~ P ~ Q C ~ S  and passageways. 
In this  research  program  the intent was  to  measure  the  interactions 
between  a  subject  pressurized in an anthropomorphic  full-pressure 
suit and the  surrounding  airlocks and  passageway  structures. No 
attempt was  made  to  ascertain  metabolic  requirements. 

The  primary advantage  of  water  immersion and  the  main factor  which 
recommended it for   use  in the  Gemini program,  was  the  relative  insen- 
sitivity of  the  simulation  mode  to  task  length. Its major  drawback 
appeared  to be that since  the  subject  was maintained  in a  one  gravity 
environment within the suit and  only  the  external  tractionless  aspects  of 
weightlessness  were  simulated,  the metabolic  determinations  were 
unjustiEied. 

Other  versions  of  water  immersion  simulation,  the  water  filled suit 
technique,  partially  compensate f o r  this  restriction  since  the  density a€ 
the human  body  approximates that  of water.  The  water filled  suit 
technique,  however, suffers a greater  handicap, in that  suit  mobility 
is altered  due  to  the  incompressibility and viscosity  of  the  water  pres- 
surizing  media.  This  latter  factor  exercises  a f a r  greater  degradation 
of the simulation since  the  primary  factor  under  investigation is suit 
mobility  in  weightless  environments. 

4 . l - GEMINI  X - Although  the  problem  of valid simulation first arose 
in coqiunction  with  the early  cessation of the  Gemini Ix EVA, the first 
use  of  the  water  immersion  technique  was  a  portion  of  the GT-X 
umbilical EVA task. 

The primary objective  was  the retrieval of an experiment  package  of 
the GT-VRI target  vehicle  previously I& in orbit.  Astronaut  Collins 
translated through free space  by  means of the  tractor-type  propulsion 
unit (HHMU).  Figure4-1  shows  the  equipment  mockups  used during 
the  water  immersion  simulation of the  nitrogen umbilical supply  line- 
coupling and disconnect, T-17 placement and S-010 retrieval. 

A I 1  water  immersion  simulation of the GT-X tasks were  performed  by 
ERA personnel  wearing  Arrowhead, Mark N full-pressure  suits. 
The three umbilical E V A  tasks were  simulated  numerous  times in a 
manner  specified b y   N A S A  flight crew training  personnel.  During  the 
performance  of  the  simulations  various  astronauts  were  present and 
acted as   observers ,  and performed  certain  pasts  of the task in 
SCUBA. Film  records of the  simulations  were  viewed  by  the  Gemini X 
flight c rew .   The  important  aspects of the  simulated  task  performance 
are summarized  below : 

(1) The eubject  wearing the FPS #stages ft f rom a standing 
position in the pilot Is seat. 
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The  subject  activates  the  handrail on the  adapter. 

The  subject,  wearing an E L S S  with the HHMU velcroed 
to it, egresses  the  Gemini a n d  proceeds in a hand over 
hand manner  down  the  adapter  handrail to the location of 
the  disconnect  panel. 

The  subject  opens  the  storage panel  of  the  HHMU-  NzQD 
by  a  pinch-action on  the fastener in the Eace of  the  panel. 
Subsequent  to  panel  releaBe,  the  eubject  throws  the  panel 
away. 

Taking  the  HHMU-N2QD in one  hand,  retaining a hand- 
hold  on the  handrail with  the other, the  subject effects a 
connection OE the QD with a pushing  motion. 

Upon successful  QD  operation, the  subject  rotates  the 
nitrogen  on-off  valve  which had been  made  automatically 
accessible  by  panel  removal.  This activation involves  the 
90 O rotation of a small  handle  Iocated near the QD. 

Removal  of  the  QD  occurs in a reverse  manner.  The 
release  of the QD occurs in response to a fflight If push 
on a release  lever integral  with  the QD. 

Various  general  conclusions  concerning  the  simulation  technique a n d  
operation  were  made  by the ERA and N A S A  project  engineers. It 
appeared that the  mockups  supplied  to ERA ,by  MSC  were inadequate 
to  determine  the total character OE task performance.  The  mockup 
duplicated  only  small  portions  of  the  spacecraft,  approximately  one 
square  foot  of the  adapter  surface and a small  length of a half  section 
of the  target  docking  cone  area.  These  sections  were  insufficient  to 
determine  complete  body  interaction with the  spacecrat3. 

Several  important factors  were  determined. (1) A new routing 
technique was  speciEied f o r  the  nitrogen umbilical supply line  to prevent 
astronaut  entanglement and to control  the  location of  the  disconnect, 
(2)  serious  hardware-spacecraft  interactions  were  observed  wherein 
various  loosely attached  elements  were  continually  being  snagged by  
protruding  hardware and lost  during  movement to and around  the tar- 
get  vehicle, (3) it was  observed that the  handholds and motion aids on 
the  target  vehicle  were  inadequate to permit  the  astronaut  to  properly 
retrieve and activate experiments  (particularly  the S-010 micrometeor- 
ite collector), and ( 4 )  the  subject Is Eeet continually  contacted the 
spacecraft  as  a  result OE the'natural  tendency OE the  suit  when  arm 
motions were  involved.  This  latter  factor  was in disagreement with 
the  reports  of  Astronaut  Cernan, who had experienced  body  position- 
ing  difficulty;  his Eeet and  body continually moved away  from  the  space- 
cr&. 

No attempt was made to determine  the  metabolic  requirements of the 
task  since  the  Navy Mark N FPS was used and a continuous task 
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line simulation was  not performed. P T 2 4 S A  personnel u,ssed the Lcitr- 
record of the  simulation in a qualitative manner  to acqzlaint the crew 
with  the  visual aspectB of the  task  performance. At thh  t ime,  the 
flight crew felt that the  motions  evidenced in the  water  imrnsrsion  simu- 
lation  would  not be replicated ig fIi'ht, 

Subsequently, a quantitative measurement o€ task  time and body- 
hardware contactrs w a s  made by  ERA in preparation for correlation 
with data from  the  flight. As it turned  out  there  was  no  flight  film  due 
to camera m h c t i o n  so that the voice record a n d  the  postflight  de- 
briefing  were the  only  idormation that was  analyzed. 

The  Gemini X umbflicd EVA began  after  rendezvous with the 
Gemini W target  vehicle. M e r  retrieving  the S-022 micrometeorite 
package  the pilot proceeded to connect  the HHMU nitrogen  supply  line. 
T h e  S-012 retrieval was  not  simulated in the  water. M e r  returning 
to the  cockpit  the  astronaut  prepared to transfer  through  free  space to 
the  target  vehicle, WTth the Gemhi  vehicle and target i-2 close prox- 
fmity (approxfmatdy 5' separation) the astronaut  pushed of f  toward 
the target  vehicle  grasping  the  outer I& of the  docking  cone. 

Verbal description of the  maneuver  ascertained that the ERA subject 
had accomplished  this  maneuver in a  similar  fashion,  The  astronaut 
lost his hold on the  smooth  docking  aurface and drifted  away from the 
vehicle,  returning b y  means of the HHMU. H e  then  used  appur- 
faaces on the  docking  COR^ aa handholds and proceeded  to  accomplish 
experiment  retrieval. S imi le   per formance  had been  observed in the 
simulation.  Table presents the results of the  data  analysis of the 
simulation run. 

T h e  GT-X umbilical EVA had  the following rnq-or results:  

(1) It marked  the  performance of the first work task by  an 
astronaut in space and also first transfer between  space- 
craft. 

(2)  The  astronaut  performed an abbreviated EVA with relative 
ease. 

(3} The  performance of the EVA wam incomplete and data retzzz 
degraded by a  maIfunction of camera and the loss of 
camera and micrometeorite  package. 

( 4 )  The  astronaut  experienced  relative  dsiculty in moving along 
the s p a c e c r d  due to inadequate restraint and handholds 
and perturbation to the passive target  vehicle, 

The work loads  evidenced  were  relativefy low and onXy during ingress 
and hatch  closure  were  elevated  heart  rates and respiration  rates 
noted  (peak  respiration rate = 34/min., peak heart rate = 260 mi'. 1. 
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In general,  the flight performance  correlated very well with the  pre-  
flight  simulation  taking into account  the  difference in suits and also 
subject  differences,  The  astronaut  was  required to route  the  nitro- 
gen umbilical in a slightly dserent  manner than  planned because  the & 
handrail did not fully  extend,  Astronaut  Collins Mated in the  postflight 
debriefing - 

Collins. - 9)As f a r  as  the  nitrogen  line  hookup  went, it was not 
very difEicult, but it was not very easy  eitheri  The  half of the 
quick  disconnect on the umbilical itself has a sleeve  around  it, 
and this  sleeve  must  be in the  retracted  position in order  to  have 
it cocked so that you  can  make  the  disconnect  connection,,  The 
f i r s t  time I took a stab at it, I hit the  fitting on the side of  the 
spacecraft a little bit off  center - a little bit off axis,. and that 
snapped  this  collar  down  to  the  engaged  position, and  in this 
configuration it will not lock in place, S o ,  that meant I had to 
go  back and recock it, This  takes  two  hands, and so I had to 
1st go with both hands f o r  not more than 3 -seconds  to  get that 
thing recockedi and then on m y  second attempt I did make  the 
QD without any  trouble, and then .I turned on the nihogen valve 
In  general,  the  body positioning was not quite a s  difficult I think, 
a s  I had been led to  believe by  some  of  these  water  tests and 
what not, but on the other hand it wasn 't  a very easy thing 
either  particularly  because I was using  the forward handrBail 
rather than the aft handrail and my  body had a sort  of a side- 
ward  component  whenever I pushed  down on the QD< I 
not  only  tended to pitch m y  body  down  against  the  side  of  the 
adapter but also  tended  to  roll off, and this  made it slightly  more 
difficult.  Anyway, I did get  the thing  plugged up on the  second 
try,  and d used  maybe 5 minutes doing this,  The  peason I 
wasted so  muah  time was  because I had to correlate my  body 
position with John. ! f  

l n  the  water  immersion simulation  the subject  experienced  similar d i f -  
ficulties with inadvertant activation of  the  connector and with his  feet 
interacting  the  spacecraf?  exterior. 

During  the  water  immersion simulation the E R A  subject ahso had d i f -  
ficulty in obtaining and maintaining a handhold on the  dmooth  docking 
cone  lip-  Further,  even though  the  mockup  hapsection of the T D A  
was  fairly rigid  due  to  buoyancy  the  subject's motion continuously af- 
fected  the  mockup,  The  subject also had difficulty in operating  the 
S-010 latches and in attaching the  sections  of  the S-010 to  his  chest- 
pack and Velcro  patch on his thigh. The astronaut had a similar 
experience during  flight, Pilot  Collins and Command  Pilot  Young 
stated in the postflight  debriefing - 
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Collins - f f Igrabbed hold of  the  docking  cone a s  near as  I can 
recall, at about the  two o ?clock  position. If you call the  location 
of  the  notch in it, the 12 o fcloek, I was  to  the  right  of that - - at 
about  the  two  orclock  position and started  crawling  around. No, 
I must  have  been  more about the  four  ofclock  position,  because 
I started crawling  around at the  docking  cone  counterclockwise, 
and the  docking  cone itselE, a  leading edge  of  the docking cone, 
which is very blunt, makes a very poor handhold in those  pzes- 
sure  gloves.  I had great  dziculty in holding on. A n d ,  a s  a 
matter  of  fact,  when I got over  by  the S-010 package and tried 
to  stop m y  motion, m y  inertia, my  lower  body,  kept  me  right on 
moving and m y  hand slipped and I fell  off  the  Agena.rf 

I n  the first water  immersion simulation run  the  Agena  Target  Vehicle 
was  f i xed  mounted  on the  pool  floor.  The  subject ~ t & & d  itn.i?m~foc- 
ward end in front  of  the  docking  bar  guide.  His initial eticorts at T-17 
and S-010 operation were  impeded  because  the  chest  pack  interacted 
the  docking  cone.  The  subject rolled over on his  back  to free the 
chest  pack and grasped  the  edge  of  the docking cone.  The  subject 
moved  around  the lip of  the  cone b y  a sliding hand motion,  taking  care 
to retain  a handhold at  all times.  The  subject altered his  position b y  
exerting  forces with hia hands, using  random  handholds in the  area 
between  the docking  cone and the  Agena  interface.  This  resulted in 
placing  the  subject in a  position  facing  the  Velcro  pad  located on the 
Agena  surface.  

A second simulation run  was  performed  to  assess  the  factors involved 
when  the  Agena  mockup  was allowed  to move in six degree of f r e e -  
dom  motion. This  was  accomplished  by  suspending  the  Agena  mockup 
above  weights  located on the  pool  floor.  The  mockup  was  connected 
to  the  weights b y  a  three  cable  suspension. I n  this  manner  the effect 
of  subject  velocity at the  time  of contact was  assessed.  The  subject 
was  propelled  toward  the  mockup at a  low  velocity  from  a  separation 
distance  of  approximately  three feet. 

This attempt  failed because  the  subject could not  mainkiin a  visual 
sighting of  the  mockup and consequently  lost  physical  contact  as  he 
passed  over  the  mockizp.  Momentary conkact with the  mockup  caused 
signiEicant motion perturbation  to both the  subject and the  mockup. 
Since  no  handholds  were  provided  further  attempts at eantact b y  the 
subject  only added to  the motion perturbation. 

A second attempt at subject  contact with a semi-free  mockup  was 
successful.  The  subject had determined proper orientation and hand 
posi€ion  prior  to  the  maneuver. 
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After successful initial contact  the  subject  moved  to  the  experiment area 
in a  manner  similar  to that pei-formed during the %ixed mockup  simula- 
tion run. Mockup perturbation WQI minimal  during movement  to  the ex- 
periment  area and was only vkBbPe when the subject attempted to  man- 
euver  over  the lip of  the  docking  canen  This  mockup  movement did not 
degrade  the  subjects  performance. It ia felt that the motion was not 
entirely  representative  of  the free motior, of the  Agena in space  due  to 
the  mockup configuPatiotL However, the  effect  of  semi-free  mockup TC 

action in the  water simulation  aided in assessing  similar  effects in the 
true  space,  environment. 

Collins continued his  description of the  orbital  performance in his d e -  
briefing - 

Collins - "At any Pate, I sPowdy worked  my  way around  to 
the S-010 package and removed  the  nose  fairing. If took me 
about three or four stabs to get both those  buttons pushed,  The 
button on the  right, I think, I got the  second  time and the button 
on  the  lefi, I believe, I got  the  second time.., And when they 
were  both pushed in# I got my  f ingers  down in that  hole on top 
of  the  fairing and ezsed  the &.iring forward.:  The  fairing  came 
forward and then  felt Bike it was locked in place,. B u t  when I 
gave it an upward compFnent it did Dome offu And I was  trying 
to do this very gently,  because  the  faiping  was  connected  to  the 
main S-010 package  by  these  two little wires ,  which  are  simply 
pins that would pull  right out of  the S -010  package ., I very gin- 
gerly  removed  the  nose  fairing and without  putting an pressure  
on  the wires,  I went  back and grabbed a hold of the S-010 
package  itself and removed it., I held,   from that time on,, I held 
the S-010 firmly in m y  left hand and the wises  held, and we got 
the  nose  cone  back in that manner.. 

While the simulation ~f the  Gemini X umbillicad was b y  no means a qom- 
phte  task  line,  several important  conclusions were drawn., 

The  several Gemini umbilical EVA tasks simulated 
(T-17, S-810 and  the nitrogen  disconnecg) were  adequately 
accomodated b y  water immemsion techniques 

Equipment  carried the sui t  exterior would have  to  be 
secured  to  prevent damage OF dsss. 

Body  dynamics a n d  motion characteristics  were  adequately 
simulated as  long as the  astronaut  was  restricted  to  motions 
on or near  the  surface of the  spacecraft. 
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(4)  The  characteristics of certain  of  the  mockups  previously 
usqd in conjunction  with zero gravity  aircraft  were  ins&- 
ficient  to yield adequate  idormation as to  body-spacecrd 
interactions. 

(5) Handholds  must  be  provided  to  accommodate  the tasks 
planned. 

These  pesults  were  substantially  borne  out  by  the  astronaut 1s perfor-  
mance in space. 

4.2 - GEMINI  X - The  Gemini Ix simulation was  the  first  instance 
6E astponaut  participation at ERA. T h e   G T - I x  simulation run took 
place at the E R A  facility  after  the  preflight  simulation  of  the  Gemini X 
umbilical EVA tasks.   The Gemini Ix simulation  allowed  direct  com- 
parkon  of  water  immersion simulation performance with  actual experi- 
eqce  from  space.  

The mockup f o r  the  Gemini lX simulation consisted  of a full scale  sec- 
tfan of  the aft end of  the  equipment  adapter with the A M U  fixed in the 
center of the gold protective  curtain.  Two  sets sf foot  restraints  were 
a#aphed. The actual foot stirrups were located in the  proper activated 
position  relative  to  the A M U .  A second  set  of  foot  restraints,  the 
I 1  dutch shoes 11, were located 180" opposite  the  foot st irrup location. 
These  latter  foot  restraints  were  a  proposed  concept  for  the GT-XT 
and XU flight' that Astronaut  Cernan  was  to  evaluate at the  end  of  the 
G T - X  simulation run.  Figure 4-2 shows the  Gemini Ix mockup in 
the water simulation  facility. 

The following  procedure was used in this and  all subsequent  simula- 
tion-training runs at ERA. After  the  mockup  was  placed in the  water 
pel&ive  to  operational and photographic  constraints, initial runs by 
SCUBA (wet suit) equipped  subjects and observers   were made to 
aslsesrq potential  simulation  dBiculties and deficiencies.  Appropriate 
phanges to the  mockup and setup  were  made  to yield maximum  single- 
pun  Simulation  fidelity  characteristics. 

A n  ERA subject  wearing  a  pressurized  Gemini suit performed  the 
total  simulation run one or  more  times  under  astronaut  (in situ) obser- 
vation to  familiariz'e  the  astronaut  with  the  simulation  technique and pro-  
cedures and to se rve   a s  a final  check  on  simulation  equipment and time 
line  fidelity. 

In  many  instances  the  hardware supplied was not  valid  flight hardware. 
The mockups  also  were not 100% fidelity in that they  represented  only 
general mold line  conformation  to  the  spacecraft.  Discrepancies  were 
ngted and discussed  by  observers a n d  the  astronaut and appropriate 
ohanges  were  made  where  required.  Where  the  change  obviously 
would  not increase  the  information  content  of  the  run,  no  changes  were 
made. A s  the  program  developed,  mockups  were  continuously updated 
to assure the  greatest validity  in true space  operation. 
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The Gemini X task, simulated at ERA comprised  only  the  AMU  don- 
ning task.  Table n/T summarizes the sequeptjal steps simulated. 
As was stated earlier,  the  Gemini IX umbilical E V A  of Astronaut . 
Cernan was  the first indication of potential dzficultieq of man Is opera- 
tion in space. Several aspects  of  the X performance contributed to 
this : 

(1)  Prior to the Ix mission,  no  simulation  technique  existed 
which  would give  a  true  picture of the AMU donning p o r -  
tion of the task,  particularly  the  weightless  aspects of the 
tasks.  The  zero  gravity  aircraft simulated  the task in a 
number of thirty  second  segments.  This did not give a 
true  picture  of  the  cumulative  task  work-load.  One  grav- 
ity  walkthroughs-did not determine  the  work  required  to 
maintain body  position  while  working a n d  those  due  to  the 
requirement to exert   forces and torques without the aid o€ 
normal LG traction. 

(2) Up to the  time of the  mission, umbilical EVA was thought 
to be  relatively  easy due  to  the eqer i ence  of Astronaut 
Col. E .  White on Gemini N. 

(3)  Minor hardware  equipment  malfunctions  during  the E V A  
contributed to accelerated  heart  rates. A garment  tear in 
the  inner  layer  suit  contributed  higher  heat  loads. 

( 4 )  The umbilical E V A  was terminated due to  visor  fogging 
brought on by  excessive  work  loads complicated by  the 
suit problem. 

With this  as a basis, a water  immersion  task  simulation  evaluation  pro- 
gram was  cQnduated  using both the E R A  subjects and Astronaut 
Cernan.  The  purpose of this EVA simulation was not primarily to 
aolye  the  problems  encountered b y  Astronaut  Cernan.  Rather,  the 
purpose was  fo allow Astronaut  Cernan  to  assess  the simulation tech- 
niqve in the light of his  recent  space  experience, in order  to  provide 
NASA with guidelines f o r  the  remaining  Gemini umbilical E V A  missions, 

Three; sirnulation runs of Gemini X type  tasks  are  discussed and com- 
pared in thq  following  section. These  are': (1)  the  postflight run   by  
the  Gepini JX astronaut, (2) a comparison  run of the  Gemini X task 
by the ERA test subject, and (3) the  preflight  run of the initially 
scheduled  Gemini 2Q.T task  by  Astronaut  Aldrin.  Camparison  of  these 
t)lree runs  yields  direct  correlation of the  effectiveaess  of  the  various 
foot  restraint  modes used throughout  the  Gemini  missions.  Astronaut 
C e r n v  used  the  GT'IX  foot stirrups, while  the  nGolden  Slipper 
foqt restraints  were  used  by  Astronaut  Aldrin.  The ERA subject 
performed  the A M U  donning task both  with a n d  without foot  restraints. 

Much discussion  hgs  been forthcoming oq the  value, validity, and future 
uee of  foot  restraints as a result of the  outcome of the  Gemini X FVA.  
The determination of  the  exact value d the  foot  restraints  requires an 
exemination of conditions exiding  prior to water  immersion  simulation. 

23 



Thnee Rroblems had been identified as  responsible  for  the  early ter- 
mination of  the umbilical EVA of  GT-IX 

( 1 )  lack  of a valid simulation mode f o r  long  duration tasks  

(2) improper  body  re4traints 

(31 Z L S S  capacity  exceeded 

The  astronaut stated  that  throughout  his EVA, his  feet continually 
floated away  from  the  spacecraft and that he had to expend  consider- 
able energy maintaining body  position.  He also Stated  that these  fac- 
tors  had not been  reproduced during  preflight simulation runs in the 
zero  gravity  research  aircraft. 

At the  time  of  the  postflight  water  immersion simulation of  the GT-IX 
pmbilical EVA,  ERA speczically  set about investigating  this  unrestrained 
motipn phenomena to determine  whether  similar  effects would be  en- 
oountered  during  water  immersion Simulation r u n s .  T h e   N A S A  had 
at this  time  already  planned and initiated future  space  experiments  to 
determine  the  body motion effect and to  circumvent  body  positioning 
dEfculties.   The  GT-X pilot and subsequent EVA astronauks would 
try to reproduce  the  free-float  tendencies  experienced  by the G T - X  
pilot.  Missions X I  and Xll would include redesigned  foot  restraints. 
Further,  the  primary  emphasis  of  the  GT-Xll umbilical E V A  would be 
an  evaluation of  restraints. 

The  postflight  evaluation run  of  Gemini X was  performed  by  Astronaut 
Cernan at the ERA facility on 7/29/66 and lasted f o r  approximately 
3 hours.  The A M U  was mounted  in  the  stowed  position in the  adapter 
well and {he  foot  stirrups  were in the  activated  position. The  astro- 
naut staged f rom the position in the  flight  line  where  he  enters  the 
adapter from the  handrail and inserts  his umbilical  in the pigtail and 
bandbar  glips.  Figure 4-3 shows the astronaut at this  stage of the 
primulation. Table V details  the  results  of  the  analysis  of  the  film 
record of the  water  immersion simulation of G T - X .  

The total duration  scheduled f o r  the GT-IX umbilical EVA was 267 minn 
utes, but it was  terminated 39  minutes early due  to  the  visor  fogging 
problem  qentioned  earlier.  Visor  fogging  occured at a point in the 
task line  immediately after the  lo  wering  of  the AMU controller  arms. 
This  task is shown in Figure 4-4 in the  water  immersion  simulation. 
1.p the  simulation, Astronaut  Cernan  performed  the  controller  arm un- 
stow ta8ks a  pumber  of  times in order  to  compare  the simulation  with 
hie  space  experience. 

The unstow  task  required  the  astronaut  to exert a  large  pushing  force 
on the top of  the  controller  arm  to  free  the  arms  from  a  detent.  The 
motion w g s  to compress a  relatively high force  (approximately 25#/in. ) 
spring  approximately 1 /2-1 in order  to allow a  blade  shaped  detent to 
move free of its retention slot. General  mission  requirements  were 
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that the astronaut was instrkc;ted.fo  maintain hi6 stanoe in the  foot stir- 
rups  shpwn in Figure 4-5 during  the AMU donning sequence. This 
posture  required  the  astronaut  to  simultaaeously  compress the .con- 
troller  arm and to  beqd  tho lsuit at the  torso and  at the arm. All 
these suit  motions require  large  forces aqd induce  high  metabolic 
loads.  The  astronaut  reported that the  water  impersioa simulation 
pode adequately  reproduced  the  mqjor  aspects of EVA performance. 
T o  provide a direct comparison  of  the effectiveness of  the  foot re-  
stpaink,  an evaluation of the ERA subject f s  performanCe without re- 
straint  aids and Astronaut A l d r i n  f s  performance of the original version 
sf GT-XlT with the molded foot restraints was  made.  Three  criteria 
of comparison  were  used (I) direct time comparison  from  film anaIp 
ais, (2) average  limb motion from  film  analysis, and (3)  subjective 
comments both from  the  subjects and the direct ebservers.   Table Z 
shows  the effect of  the  restraint  mode on the  subtasks  comprising  the 
A M U  donning tasks. It is evident  that, in general,  the  more re -  
strained the individual the  greater the  duration 6f  the  ' task. . General 
analysis of the  motions  involved  further  indicate that f o r  the AMU don- 
ning task that the  greater  the  restraint  the  greater  the  energy  required 
f o r  suit f lexure.   This is attributed  mainly  to the  rigidity  of  the  space 
suit and the  relative  placement of the  restraints and the  work  station. 

The natural angle of  the  upper  torso and arms  of  the  Gemini  suit  were 
fixed f o r  optimum operation in a seated  mode. While standing,  the 
neutral  position of the arms cau'sed  the  optimum work  level  to  corres- 
pond  to a position  approximately  one  foot  below eye  level.  The  AMU 
donning task required  relatively high level  foroe application in a region 
(+ 1.5) feet  from  this optimum work  site.  Therefore, a large  portion 
OF the tasks induced an added energy  requirement  for suit f lexure.  
This is basically  true  whenever  the  position  of  operation  is  fixed  rela- 
tive  to  the  worksite.  Fixed  work  spaces  impose 3 npsuedo  one 
gravity handiuap on the  task. Optimum  operation  in  weightless  environ- 
ment  allows  the  qstronaut  to  freely  position  himsex  relative  to  the  work- 
site and thus  optimize  the eaergy  ewendifure tor each  task.  This is 
borne out b y  the qualitative  evaluation of the  AMU donning task with- 
out restraint  aids  presented in Table Tm . This  is not to say  that 
the  astronaut should work in a completely  unrestrained condition. It 
appears that for  most  tasks  the  best combination of restraints  are 
waist  tethers  to  control  gross  motions  to  relative  proximity  of  the  work- 
site' and portable  handholds  to  permit  the application of  forces  or 
Borques. 

Subsequent  to  Astronaut  Aldrin f s  training fo r  the GT-XLT task (first 
v e r s i o n ) ,   N A S A  decided  to  reconfigure  the tasks to  comprehensively 
cover  the  broadest  possible  spectrum of E V A  tasks. Table Vm 
shows the  results  of  the  analysis  of  the  water  immersion simulation of 
GT-XlI (1 ). Analysis of the  results  of  the simujation  indicate  that  the 
Bstronaut could have  properly and successfully  completed  the  tasks a8 
originally  scheduled but  that minor  modifications  to  the  restraint  desigq 
8houCd be  accomplished if a similar  task is scheduled for  future 
pissions . 
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4. 3 - GEMINI Xi - Water  immersion  simulation of the  Gemini X I  
umbilicaf E'VA was initiated at ERA on August IO, 1966. Due  to the 
proximity of the  flight  astronaut  participation- was not planned. 

Certain  portions of the  sequences  were omitted in the sirnulation due  to 
unavailability of representative flight hardware or because of the  obvi- 
OUB limitations of  the simulation medium.  Pnevious  experience had 
shown that tasks involving gross,  relatively high velocity  motions and 
excursions  away  from  the  spacecraft sutfer serious degradation in the 
water  simulation  mode due  to the  drag-damping  characteristics  of  the 
water. Rapid  attitude excursions  of  the  subject  are limited b y  the 
preferred attitude characteristics  previously  discussed and b y  drag 
and planing effects.  HHMU evaluation is representative  of  tasks not 
particularly  suited  to  water  immersion  simulation. 

The  Gemini X simulation marked the initiation of  the  use of the total 
Gemini  mockup  configuration.  All simulation runs after  Gemini XT util- 
ized  a  quasi-complete  spacecraft  system  configuration  which  conformed 
in moldline contour  to  the actual spacecraft  codiguration.  The  basic 
mockup  codiguration  comprised  a modified adapter  end  section from  the 
Gemini X simulation,  a  representative  Gemini R /R  section  loaned b y  
the Langley  Research  Center ,   NASA and a quader  section of the 
adapter surface.  In later  simulations  a  section of the  Agena  target 
vehicle was added to  the  mockup  complement but was unavailable fo r  
the GT-XT runs.  

A sequential  time  line was  performed  by  the ERA subject  wearing  a 
G2-C version F P S .  Portions  of  the  time  line  which  were incompatible 
with  the  simulation medium were omitted. Actual  hardware  was  used 
where  available.  Where  this  hardware  was not available,  reasonable 
facsimili  were built at ERA and made  neutrally  buoyant  where  time 
permitted. 

T h e   U S A F ,  WPAFB supplied a  working  versiop of the D-16 experi- 
ment,  the  torqueless  power  tool.  This  was  made  neutrally  buoyant 
b y  encapsulation in a  transparent  plastic  cylinder and is shown in 
Figure 4-6. The encapsulation  increased  the  external  dimensions  of 
the tool  making it impossible  to  stow in the  equipment  stowage  area 
provided in the reentry  adapter  wall,  Figure 4-7. A second unit was 
u s e d  f o r  the  unstowing  operation but was not made  neutrally  buoyant. 

An initial simulation run indicated that a  rescheduling of the  sequential 
events would result in better utilization. Also ,  the  astronaut had been 
required  to  carry  excess  hardware  (cameras) to  the  adapter.  Recom- 
mended  changes  were  incorporated  prior  to  the  final simulation run. 
The  purpose of the G T - X  simulation was to  provide  a  complete  pic- 
torial record so that NASA personnel a n d  the crew could review  the 
umbilical  time line. The  results of the  analysia of the  film  record  of 
Gemini XT simulation is given in Table X .  
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The  Gemini X umbill'cal was terminated  early d e s  approximately 
thinty-three  minutes  of  hatqh-open  time.  This  early terminatii5n was 
attributed to  two  factors; (1)  difficulties wiCh the  qttachment of  the 
extravehjc&r v i s p r  prior to EVA and (2) an ynusually high expendi-, 
ture of energy  by  the pilot during  the  Ageqa  tether  task. The astra-  
naut &EO noted a continuous tendency  to  float up and out of the spaoe- 
craft 4 the  beginning of the EVA. 

Tbe +-&z?iewal of  the S - O O 9  experiment a n d  the  handpail  erection  went 
smoothly.  The first problem  encountered was with the installation Q€ 
*he E V& motion picture  camera.  This  dZicufty  was  later attributed 
to a last  miqyte  change in the  design and operation of the  bracket. 
The camera had to  be inserted in one orientation to  permit a  detent tcr 
mate with  anfirotation  slot in the  recepbcre.  The  astronaut had to 
exit the  hatch  to  bring his  body  ovFr and apove  the  camera  receptacle 
and exqd a relatively  high  pushing  force  to  instdl  the  camera. 
Fiquye 4-8 , is  a  picture  showing the ERA subject installing the 
garneya duriag the  preflight  simylation . 
Astronaut  Gordon  then  moved  to  the  area of the Agena  tether.  He 
pushed off the  hatch and the  hatch holding deviFe using a technique 
suggested  by  Astronaut  Cernan, and moved  to  the  docking  bar,  attempt- 
iqg first to grasp the RCS thrustera.  His initid push off caused  hiq 
to  float y p  above  the T D A .  Command Pilot Conrad  retrieved  him b y  
#*$in# him  back with the umbilical. His second t r y  at this  movement 
w a s  successfd.   Figure 4-9 is a  pictorial  seapence  from  the  water 
simdatiap  run of this  qegment of the  time  line. 

Attaching the &en3  tether  involved an  unusually  high  expenditure of 
etnerqyn and the pilot becaqe   very  fatigued and began  breathing  rapidly, 
Figure 4-1 0 is the  astronaut '8 heart rate suzd respiration  rate  during 
the EVA. Mequrementg of similar  parameters  were not  mgde durinep 
the simulation  since  the  simulation  involved only the ERA subject. 
Figure 4-11 i8 a flight  film  sequence  showing activation of the q ~ q ?  
tether.  The  following  comments  by thg command pilot and the pilot 
during  the  postflight debrieEing describe  the detailed performance. 

I 

Gordon - n Well,  we did get it, and I tr igd to  get  myself in gost-. 
tiaq on  the  spacecraft, as I had done  before. I wanted bo use 
m y  leg8 in8fde the dockinq cone tQ help wedge.  myaeIf in there 4q 
that I could have  both handa free. B'ut, unfortuhately,  this was 
ngt the case . . It didn tt happen  this  way. I had to  use my I& 
hand and haqg  on to  the handhold on  the le& side and do all the 
wQrk end attaching this  tethep with m y  right bgnd. pnd  this  w a ~  
a monqmental tarjrk as f a r  as I was  qoncernsd. n 

Conrad - * Yes, now let Is atpp dghb  these. I had watched yoy 
do. khils very task in the zepo-g airplane. You could  get in that 
zero-g airplane and whiatle vp to thgt  thing and get  yourself 
pprked where  you  were  completely as t r ide  it and pull  yourselP 
down, but, pou never could do that up there. YQu were d the 



thiqg, an$ you never got your leg8 a& far   forward  in the TDA 
as you did in the zero-g airplane. It just  wasn lt quite the 4arrng 
And  there  you  were, I kept  seeing y ~ u  working  away,  having 
to  hang  on with your left hand. 

Gordon - "Tethering  was  dzicult; it was so hard  to maintain 
m y  position and work on  this  thing, that I let m y   f e e t  float up 
p d  out of  there and use  one  of  the handholds and one hand on 
She clamp. I- had an awful lot of  trouble  screwing  this clafnP 
down. Every time I tried  to tuzm it, it would s wive1 on the 
docking bar. 

Gordon - IIAnyho w, I finally got the clamp on to   my satisfactioq 
The'  tether  was in place.  There  was  one  test  remaining  to do 
up there, and that was  to install the  mirror. I took  one tug at 
the  cover that was  over that mirror,  and it didn I t  give  an  inch. 
I j u s t  gave it up and said forget it. I came  back  to  the  hatch. 

Conrad - "That  was quite a jqb getting  you  back t9 the  hatch. 
You aqked me  to do something a couple of times. I gave  you 
a very  light tu$ and  you  started  to take of& up a n d  away  from 
the hatoh. 

Gordon - Well,  we did get  back tQ the  hatch, and by  this time 
I w a s  pretty exhausted.  We stood  ther)e f o r  a long  time  trying 
to  catch up with eyerything, and  the  only thing  that was  really 
wrong  was that I was haviqg  trouble with p y  right  eye.  This 
was mqrely a matter  of  sweat in m y  eye, and  I wa8  having 
trouble  seeing out of it. It was actual sweat,  and, it was  sting- 
ing m y  eye. I was  completely  exhausted at the time. I wanted 
to  get  back  to that adapter very  bad/y   for  the  nightside pass? but 
w e  talkgd  about this and made  the  decision  to  ingress  rather than 
leave  me out there  for  the nightside pass .  

Figure k - I 2  is a picture  of  the ERA subject  performing  the Agena 
tether taqk during  the  simulation. The ERA aubject  performed the 
q g s n a  tether task in a manner completely di@erer)t f rom bhe pilot. The 
F R A  subject  utilfzed  the  advantages of opergtion in a weightless envi- 
ronzpent to poqition himser in an optimum manner  relative  to  the  work- 
site qnd performed  the taqk  while  maintaining ? single  handhold. A 
bettar method might have  included  the  waist  tether  restraint  technique 
Whi9.h would have  allowed  the  subject  to  uge both hands. No undue 
effort was noted  during  the  simulated  perfopmance Qf this  task.  The 
combination of eqcessive sweat buildup b y  the  astronaut and the  apparn 
gnt fatigue oau8ed the  command pilot to  terminate  the EVA. 

AI! other) assigned  tasks  were  accomplished withoub undue dSiculfy in 
$he simulation  with  the  exception  of  the D-16 experiment.  The D-16 
aypqriment  hardware is shown in Figure 4-23 . The  subject vas me- 

uired tg evaluate  a cornbination of restrqined and unrestrained opcrgr 
hone u t i b h g  a torqueless  power tool (SPT) to establish man 1s % 
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capability  to p e d o r m  controlled  maintenance t e k s  in place,  The  inifid 
bvaluati p wqs scheduled f o r  the GT-WE umbilical EVA, but was pot 
accomp~*shed  due to the earJy termination of the  mission.  The D-16 
experiment w a s  the  subject of extensive  study and simulation b y  the 
UEiAF-WFAFB. 

DfaCicdties wepe  encountered in the  water  simulation  due to (1) the 
Ip#ioq OE the  torque  panel  relative  to  the restraints, (2) knee tether@ 
cctivation, and (3) the exceseive focce  requirement8  of  the ( S P T )  
trigger  mechanism.  Figure 4-14 is a sequence  showing  the D-16 
tqa& #uring  the  water  immersion  simufation.  Similar diqicdties did 
nQt occur in the  simulation of the 0-16 in the zero  gravity  aircraft. 
This  difference is probably due to  the  relatively  low fidelity of  the h q d -  
warq in the  water  simulation. The  short duration of the  zero  gravity 

f rom continuoes application of force on the  trigger and due  to  body 
.positiop  mqintenance. 

! parabola, however,  probably did not show  the diFTiculties resulting 

The results of the  Gemini X mission  pedormance  emphasized  the  need 
for  more  extensive  simulation by  water  immersion  techniques to devel09 
flight hardware  configurations.  Further, it became  obvious that astro- 
-aut  training in the  water  simulation  mode would greatly  benefit  missioq 
perfarmance. with this in mind,  the NASA scheduled  Astronaut 
Aldriq t,v participation in the water  immersion  simulation of the initial 
version of  the GT-XU umbilical EVA.  Details of the simulation &~rt 
of tbe GT-JCU, version 1, were included in the  Section  dealing  with  the 
G T - X  simulation  due  to task similarity. 
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TABLE SI F E M l N l  X WATER SIMULATION DATA ANALYSTS P a g e  1'072 
c I 

TASK 

T-17  

HHMU-N2-QD  Activation 

SUBTASK 

Initial  body  positioning 
eveluation 

Mo vr=m ent 

Positioning p r i o r  to  T-17 
placement 

T-17  placement 

Manual deptoyment of T-17 
panels 

Positioning  prior  to S-10 
retrieval 

S-10  fairing  removal 

S-10 experiment  retrieval 

Movement - s / c  along hand- 
rail  to  Qui&  Disconnect 
Panel 

Positioning 

QD oonnection 

Nz valve  activated 

ENVIRONMENTAL RESEARCH ASSOCIfiTTES. 

33a4 

20.8 

15.'0 

6 6 a . 6  

5.0 

C0t:rEinEHTS 

Subject  attempts  to  find  correct handhold positions 
F o r  approach  to S-10 area  on ;Agene. 

Subject  travels along circumference of T D A ,  
retaining  .contact with left hand, 

T-2'7 lost  due.  to  interaction  with  mockup. 

SubJect   recovers  T-17 with right  hand  andplaces 
experiment M Agena  velcro  qetention  patch; 
L e f t  hand  maihtaining body  position  during  this 
subtask. 

Subject  unfolds  experiment  manually  using  right 
hand  to  maintain  body  position.  SuIjject  secures 
open  panels  to  velcro  (spring  loaded  mechanism 
f o r  automatic  unfolding panels not  operative) 
Subject  inadvertantly  &ouches  face d T-17 while 
attempting body  positioning. 

Subject  maintains  handhold  on  lip  of  docking  cone 
throughout  this  movement. 

Par ,ing velcroed Eo E L S S .  Subject  uses  left 
hand  to  maintain  contact with Agena.  

S-10 removed  with left  hand  and- velcroed  to 
E L S S .  Interaction  with  T-17 and left  side  of 
subject Ls body  almost Lrees experiment from its 
velcroed  position. 
- ~~~ 

Subject  pivots  on  handrail (180°) at QD panel. 

Subject  .transfers QD hose -&-aft section  of 
handrail  (threading  operation). 

Subject  examinw QD and ,hose  momentarily befor 
activation. 



TABLE IR Continued 

I- TASK 

HHMU-N2-QD  Activation 

(ContJ 

HHMU-N2-QD  Deactivation 

Page  2 of 2. 

SUETASK 

Movement .- QD panel  along 
handrail  to s / c  

Movement - s / c  along  hand- 
?ail ta  QD  panel 

-V2 valve  shutoff and QD 
dlsconnection 

Movement - QD panel  along 
handrail  toward s /c  

Positioning ' 

Movement  along  haqdrail to 
s / c .  continued 

TIME 
INTERVAL 
(Seconds) 

37.5 

28 1 

11.4 

16. 7 

12.5 

41.7 

ENVIRONMENTAL RESEARCH  ASSOCIATES 

cor;,;IGiEm 

Subject  again  pivots 180" on  handrail. 

Subject   uses  left hand f o r  both  subtasks. 

Subject  transfer QD hose  to leEt hand before 
moving down  handrail, 

Subject  transfers QD hose  back  through afk 
Bection of handrhil  (unthreading  operation). 

, . 



W 
hl 

~~~~ ~~ 

1.  Move  to  adapter  pigtail   along  adspter  hsndrsil  

2. Insert   umbilical  into  ad3pter  guard 

3 .  Move  to  donning  station - stand  on  foot  bar 
f a c i n g   A M U  

4 .  Pull  umbilical  taut and i c se r t  in  h2nd b a r  ciip 

5. Unstow snd  posi t ion  mirrors  

6.  Open  penl ights  - sctTJat= and attaoh  lights  to 

7. Coricect  black  tether  jumper hook t o   A M U  

handrail  with  velcro 

tather   r ing.   Unstow  te ther  bag  and connect  
both  orange  AMU  te ther  kooks to ri.ng on 
umbilical  tether 

8 .   I n s p e c t   A M U  

9. Inspec t   ba t t e ry   cases  

10. VeriEy RCS shut-af f   handles   s towed 

11. Uns tow att i tude  controller  arm  and  check 
attitude  controller 

12. Extend   and   lower   contro l ler   arm  to   fu l l   down 
position 

13. Unstow  translat ion  control ler   arm and c h e c k  
translation  controller 

14.  Extend  and  lower   contro l ler   arm  to   fu l l   down 
position 

15. Uns tow  re s t ra in t   harness ,   oxygen   hose  a n d  
electrical  umbilical 

16. At tach  the following  i tems  in  order to Ve lc ro  
on   con t ro l l e r   a rms  

(a) oxygen   hose  
( b )  res t ra in t  hzmess 
(c)   e lectr ical   umbil ical  

17. R e a d  N p r e s s u r e  

1 8 .   O p e n   N 2   v a l v ~  

19 .   Open  O2  va lve  

2 0 .   R e a d   O 2  m d  N2 pressarczs  

21. Mcde sslector s w i t c h - m m c a !  

22. V e r i f y   v o x   s w ; t c h - v 3 x  

23. R e l e a s e   n o z z l c   e x t e n s i o n s  

24. Main p o w e r   s w i t c h - o n  

25. H 2 0 2  T I M  se lec tor   swi tch-backpack   up  

26.  T u r n  let? 1 8 0  and  don   AMU 

27. Posit ion  tether  to  avoid  entangiemsnt 

2 8 .   V e r i f y  s / c  PWR light  goes off 

29. Veri fy   avai labi l i ty  of AMU  electrical  rlmbilical 

2 

a n d  c h a n g e - o v e r   f r o m  s / c  
30. Test warning  lights  and  audio  tone 

31. Read  H202  quant i ty  

32. Connect  and  t ighten  restraint 

TABLE Ip 

GEMINI IX WATER IMMERSION TASK SEQUENCE 



TABLE P GEMINI WATER  SIMULATION  DATA  ANALYSIS Page I of 3 

w 
W 

TASK 

DositioninglRestraint 

Work Station  Preparation 

Positioning/Restraint 

Work Station  Preparation 

PositioninglRestrainf 

Work Station  Preparation 

Communications 

PositioninglRestraint 

PositioninglRestraint 

ConKect Black  Tether  Jumper 
Hook to A M U  Tether  Ring 

Cammunications 

Unstow  Tether  Bag 

Connect  Both  Orange A M U  
Tether  Hooks  to  Ring on 
Umbilical Tether 

PositioningjRestraint 

Inspect AMU and Battery  Case 

VeriEy RCS Shut C f f  Handles 
Stowed 

PositioningjRestraint 

SUBTASK 

Pull  umbilical taut and insert 
in  handbar clip 

Uristow  left mirror 

Position  from left to right 
side  of work station to deploy 
right  mirror 

Urstow  right  mirror 

Position  back into foot 
restraints after mirror  task 

Unsto w  penlights 

Repositioning umbilical in 
clip 

Repositioning  feet in stirrups 

Reposition  tether bag 

Reposition  feet in stirrups 

TIME 
INTERVAL 
(Seconds) 

5 . 5  

48.4 

7.8 

12.5 

22.2 

41.6 

11.8 

9.3 

8.4 

25.6 

8.7 

23.0 

86.1 

13.1 

38.1 

33.4 

17.0 

ENVIRONMENTAL  RESEARCH ASSOCIATES 

COhlhlENTS 

Tnstructions f rom C. C. 



TABLE -X Cont-'d. Page 2 of 3 

1 TASK 

Unstow  Attitude  Controller A r m  
and Check  Attitude  Controller 

Communications 

Unstow  Translation  Controller 
A r m  and Check  Translation 
Controller 

Communications 

Unstow and Attach O2 Hose  to 
Velcro on Controller A r m  

PositioninglRestraint 

Unstow and Attach  Electrical 
Umbilical  to Velcro on Control- 
ler A r m  

Communications 

PositioninglRestraint 

Read N z  Pressure  

Positioning/Restraint 

Unscheduled 

' Positioning/Restraint 

Gpen N2 Valve 

. O;?en O2 Valve I 

I 

1 
I 
! 

I 
1 

SUBTASK 

B o d y  positioning of Feet in 
restraints 

B o d y  positioning 

Maneuver  to  left  side  of A M L  

B o d y  positioning 

Pilot  reaches  around left sidc 
of  AMU 

TIME 
INTERVAL 
(Seconds) 

27.5 

6.6 

66.4 

6.9 

31.3 

36.5 

24.5 

25.0 

6.9 

8.4 

10.8 

3 . 6  

6.9 

15.6  

53.2 

COMMENTS 

Zxtend and lower  controller  arm  to  full  down 
)osition 

Txtend and lower  controller  arm  to  full  down 
,osition 

Pilot repositions his Feet in restraints  because  his 
body movements  degrade  his  foot  restraint  position 
during each  task that involves  reaching or bendin4 

Pilot also  appears  to  be  resting  here. 

Pilot removes  feet   from  foot  st irrups  prior  to 
maneuvering  over  to  read N pres sure .  2 

Pilot returns  to  foot  stirrups after reading N2 
pressure  

Pilot pauses  to  remove  debris  from  front of his 
work  area  (floating  Velcro  strips) 

Pilot r ea4us t s  penlight  on let? hand bar 

Feet  in restraints at beginnfng of this  task but 
during  task  both  feet  come  free of restraint8 

ENVIRONMENTAL  RESEARCH  ASSOCIATES 

- 

D 

- 



W 
UI 

TABLE X Cont'd. 
Page 3 OF 3 

TASK 

Read O2 and N2 Pressures  

Positioning/Restraint 

Switch Mode Selector  Switch 
to Manual and VeriEy Vox  
Switch on 

Positioning/Restraint 

Release  Kottle  Extensions 

Positioninglzestraint 

Communications 

I\: 0 TIM  Selector  Switch 
Switched to Backpack  Position 

Unscheduled 

Work  Station  Preparation 

2 . 2  

Turn Left 180' 

Don A M U  

Positioning/Restrainf 

Verifv Availibility OF AMU 
Electrical Umbilical and Change 
Over From  Spacecraft to A M U  
Power  

Connect and Tighten  Restraint 

SUBTASK 

5 

Position  back into stirrups 

Positioning on handbars and 
regaining Feet position in 
resbraints 

Repositioning  feet in restraint 

Equipment positioning 

TIME 
INTERVAL 
(Seconds) 

14.0 

16.2 

22.5 

23.3 

15.1 

15.7 

18.8 

2.1 

184.4 

9.1 

26.9 

18.1 

46.5 

120.8 

37. 7 

ENVIRONMEWTAL  RESEARCH ASSOCIATES 

C0IC:LIENTS 

Pilot  pauses For an air bottle change (surface) 

180"  turn into A M U  (safety  precaution) 
Pilot positions  his umbilical and mirror prior  to 

Pilot  backs into backpack 

Pilot  positions  his m i r r o r s  to check his position 
in AMU 

Decision  made at this point in GT-9 flight to abort 
task 



TABLE 
THE EFFECT OF RESTRAINTS ON A M U  DONNING 

Subtask Time : second 

Subtask 
Foot 

Restraints Stirrups Restraints 
No Foot 

Umbilical  In Cllp 

43 .4  41.6 59.4 Penlights 

66.0 68.7 132.5 Unstow Position  Mirrors 

87.0 5.5 6 3.9 

Connect  Tether  Jumper 24.5 25.6 25.0 

Unstow  Tether Bag 

35 .O 71.5 118.8 AMU lnspectlon 

87.0 117.8 106.5 
I 

Unstow Left  Controller 

Unstow  Right  Controller I 7 2 . 3  

I 18.0 2 7.5 29.5 

i 21.0 5 5 . 8  Unstow & Velcro  Electrical 81 0, Connectors 1 7 7.6 

73.3 
I 

I 1 l 8 O 0  Turn I 274.6 7 3 . 4  1 120.0 , 
Connect - Tighten  Restraints i 103.7 158.5 148.6 



c 

TABLEXU 

QUALJTATIVE  EVALUATION OF THE EFFECT OF 

FOOT RESTRAINTS ON THE AMU DONNING  TASK 

SUBTASK 

UMBILICAL IN CLIP 

UNSTOW LEFT MIRROR 

REPOSITION 

UNSTOW  RIGHT  MIRROR 

UNSTOW PENLIGHTS 

UNSTOW TETHER BAG 

TETHER HOOK ACTIVATION 

A M  U INSPECTION 

UNSTOW  RIGHT ARM 

UNSTOW LEFT ARM 

OPEN N, AND 0, VALVES 

READ  PRESSURE  GAGES 

UNSTOW RESTRAINT BELT 

TURNAROUND 

.. . . 

" 

=AIDED - DETERED 

EFFECT O F  
FOOT RESTRAINTS 

+ 
- 
- 
I 

- 
- 
+ 
- 
+ 
+ 
- 
- 
+ 
- 
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! 
I 

Install EV-4 Camera in Adapter 

I 

TASK 

- 

- 

1 Move T o  Adapter 

Rs tr ieve  and Replace. E V A  
Camera  

t i 
1 

SUBTASH 

1. Secure   f rom cockpit 

2 .  Mount camera 

1. E g r e s s  hatch 

2 .  Move  along  handrail to 
pigtail 

3 .  Insert  umbilical ih pigtail 

1. E g r e s s  hatch 

2 .  Remove  camera from 
adapter  socket 

3 .  Place in cockpit 

4 .  Film  load 

5 .  Return  to  adapter and 
replace  camera 

1 .  E g r e s s  hatch 

2 .  S e c u r e  line and move 
along adapter  handrail 

3.  Position QD f o r  conneci  
tfon 

4. Connect QD 

COIIENTS 

9 . 6  

43.1 

32.5 

9 . 6  

1 . 7  

15.5 

60.0 

35.6 

9.6 

6.9 

7.6 

4.8 



TABLE Sm . Con? 'd. 
Page 2 of 3 1 SUBTASK 

AMU Donning- 
XU Codiguration 

1. 

2. 

3. 

4. 

5 .  

6- 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

I 
~ 

Start with feet  in  stirrup2 
to attach umbilical to left 
handbar 

Unstow and position 
mirrors 

Unstow  penlights and 
Velcro to handbars 

Connect black tether 
hook  to AMU tether  ring 

Unstow  tether bag and 
connect  tether hook to 
umbilical 

Veicro  tether bag to 
left  handbar 

Inspect AMU 

Inspect RCS handles 

Unstow l e f t  controller 
arm 

Unstow  right  controller 
arm 

Unstow a d  Velcro oxy- 
gyn hose 

Unstow and Velcro 
restraint  harness 

Unstow and Velcro 
electrical  connector 

@en  nitrogen  valve 

1 
TIME 

INTERVAL 
(Seconds) 

63.9 

132.5 

59.4 

24.5 

106.5 

6.7 

62.9 

55.9 

29.5 

72.3 

34.1 

55.6 

43.5 

18.2 

ENVIRONMENTAL RESEARCH ASSQCIATES 

COMMENTS 



tuuslL C d ' d .  

1 TASK 

1MU Sonning - 
M Carfiguration  (cont) 

Agena - Spacecraft 
Tether Connection 

Page 3 'of 3 

SUBTASK 

Remove and discard 
oxygen  valve  tie-down 

Open  oxygen  valve 

Actuate MODE,  VOX 
switches 

Release  thruster 
nozzles 

Turn 180" and back 
into AMU 

Attach  electrical  con- 
nector,  oxygen  hose 
and restraint  harness 

1 .  E g r e s s  hatch and posi- 
tion EVA camera 

2. Translate along space- 
craft to  docking  bar 

3. Grasp  Agena  tether 

4 .  Clamp  tether to docking 
bar 

5. Mount mirror on dockin 
bar 

TIME 
INTERVAL 
(Seconds) 

28.1 

28. 7 

24.0 

27.0 

219.0 

203.7 

51.1 

61 .6  

31.0 

92.8 

40.3  

E I I V I ~ E U T A L  RESLAEH ASSOCIATES 

COKMEHTS 



I 

TABLE P: GEMINI= WATER SIMULATION DATA ANALYSIS 

TASK 

Sequence 1 

Sequence 2 

Sequence 3 

SUBTASK 

1. Standing in hatch 

2. Positisn  propellant  line 
back  to  propellant  valve 
Route  under handrail 

3. Install E V  camera in 
adapter  mount. Face 
camera  forward 

4 .  Mount Hasselblad on 
E L S S  

1 .  Move to  spacecraft  nose 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

1. 
- 

2. 

3. 

Unstow  spacecraft end of 
Agena  tether 
Loop end over docking 
bar 

install on docking bar 
Unstow  tether clamp axd 

Tighten  clamp 

Remove and jettison 
clamp handle 

Install  docking  bar 
mirror 

Return  to  cockpit 

Remove EVA camera  fo. 
film  change 
Remount EVA camera 
Facing D-16 area 
Plug in HHMU propellam 
fitting 

Page I of 5 ENVIRONMENTAL RESEARCH ASSOCIATES 

TIkIE 
INTERVAL 
(Seconds) 

224.6 

84.2 

264.2 

75.8 

10. g 

- 
- 

27.9 

39.2 

21.7 

59.6 

25.8 

Subject dri f ts  out of spacecraft during  .this 
maneuver 

Subject  has  extreme  difficulty mounting camera 

Subject is out of spacecraft hatch when  he  begins 
translating Forward 
Film  segment  ends  as pilot reaches  spacecraft 
nose.  Possibie time error.  

fidelity 
Subtask omitted in simulation  due to low  mockup 

I f  

I f  

If 

11 

Subject  comments :#No problem u installing mirror 



TABLE 11 Cont'd. " 
;equence 4 

Page 2 of 5 ENVIRON#E#TAL RLSEARCH ASSOCIATES 

. Per form 0-16 Experi-  
ment 

A .  

B. 

C. 

D .  

E. 

F. 

G. 

H. 

Grasp  handrail and 
position  self for  knee 
tether  attachment 

Attach rt. knee 
tether  to  handrail 

Grasp tool box 
handle,  release  lock 
and extend  toolbox 
until positive  lock is 
engaged 

Open tool box, 
extend  power tool 
handle,  check it. 
s w  50 forward and 
tool in impact  mode 

Grasp  power  tool, 
tighten  instrumented 
bolt f o r   f i v e  (5) 
seconds 

Unscrew in succes'  
sion four  ( 4 )  work. 
site bolts 

Stow  power  tool ,  
turn  over  worksite 
piate and hand-stad 
three (3) bolts 

Unstow  power  tool, 
reverse s w  and 
tighten  bolts 

TIME 
I RTERVAL 
(Seconds) 

11.7 

19. a 

48.7 

12.9 

61 - 6 

85.0 

40.0 

Hasselblad  carried  to 0-16 area  because d low 
fidelity  mockup  characteristics. Unit could not 
be  detached f r o m  chest  pack. 

Stowage clip not  evaluated  because OF size  d 
neutrally  buoyant  gun.  Pilot  comments 11 cannot 
see clip when  knee  tethered 11 

Subject  comments Ittrigger Eorce way too high.. . 
hand cramps due to force required. 1 )  



TABLE IX . Coat-'& 

TASK 

Sequence 4 (cont) 

Sequence 5 

Page 3 of 5 ENVIRON#E#TAL RESEARCH ASSOCIATES 

I. 

J. 

K. 

L. 

M .  

Stow  power tool or 
lid and remove 
hand tool 

Tighten  instrumente 
bolt for five (5) 
seconds and then 
loosen bolt 

Stow hand tool  in 
tool box 

Cetach  knee  tether 
f rom handzail 

Remove  power  tool, 
check it on, a n d  
tool in impact mode 

2. Remove E V A  camera 
fo r  film  change 

3 .  Remount E V A  camera 
facing aft 

4 .  Evaluate  handrails 

5 .  Remove E V A  camera 
f o r  film  change 

6. Remount E V A  camera 
facing  forw..lrd 

7. Move to  adapter 

1. Insert  umbilical into 
~~ ~ 

adapter  guard 

2. Photograph  adapter 

53.3 

4.29 

95.8 

68. 7 

- 

9.6 

14.6 

36.9 

Subtask omitted in simulation. Power tool could 
not be  stowed  because of size  requirements  for 
neutral  buoyancy. 

Subtask omitted in simulation. 

If 

Subject  stops  test during this  subtask  because d 
excessive  work  loads a n d  overall inability to 
complete  task"due  to  low  mockup  fidelity (negative 
buoyancy of power  tool). 

Subtask omitted in simulation 

Subtask omitted in simulation 

f l  

Subject  uses' pigtail for  body positioning 



ENVIRONHENTAL RESEARCH ASSOCIATES 

Sequence 5 (cont)  3. 

4 .  

5 .  

6. 

7. 

8 .  

9. 

10. 

1. I 2. 

3. 

64 * 
I 

Clear  adapter of debris 

A!tach restraint  system 

Open  tunnel  door and 
Velcro in place 

Unstow HHMU N2 line 

Connect HHMU to N2 
line 

Unstow HHMU and 
Velcro  to E L S S  

Attach  camera  lanyard 
to ELSS  ring 

Remove  camera  pip-pin 

and Velcro  to ELSS 
Unstow ..4pollo cameras 

Close tunnel door 

Remove umbilical f rom 
guide 

Open N2 valve on adaptel 

Sequence  6 1. M o v e  to cockpit 

2. Hand cameras   f rom 
E L S S  

3 .  Mount retro  adapter 
camera  facing  forward 

- 
10.4 

26.3 

7 . 1  

35.0 

16.  7 

- 

- 
94.2 

42.1 

4 . 8  

2.9 

16 .9  

167.9 

34.1 

Subtask omitted in simulation. 

Subject unable to  fully  evaluate E o a t  restraints due 
'0 improper f i t  (under  size  restraints). 

Subtask omitted in simulation 

If 

Revelcro  curtain 

Subject  comments that mirror was used to 
advadage in checking  chestpack, umbilical  and 
feet .  
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TASK 

- 
Zequence 7 

i WETASK 

I 

I I 
I I I. Move  to  nose of s / c  

I 2* mimor  
Jettison docking bar 

Sequence 8 1. 

2. 

- 3. 

4 .  

5 .  

I 6 *  
I 
i 

Return  to  adapter 

Turn off IfN2" shut-off 
valve 

Bleed off propellant in 
H H M U  with short thrust 
while holding on to the 
adapter  handrails 

Unplug the HHMU pro-  
pellant fitting 

Move toward  hatch 

Retrieve E V  camera a n d  
hand to  cmd. pilot 
(disconnect  electrical and 
control  cable from 
camera  first) 

1 

I 

40. 7 

5 . 1  

97.9 

2.9 

~~ 

14.4 

2.0 

41.0 

18.2 End of film 
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Figure 4 -  I GEMINI X UOCKUP  CONFIGURATION 

~i~~~~ 4 - 3  ASTRONAUT  CERNAN AT  UMBILICAL  PIGTAIL 

AREA 

" . . . - - 

Figure 4 - 2  GEMINI IX MOCKUP  CONFIGURATION 

. g m  4 - 4  ASTRONAUT  CERNAN  UNSTOWING  AMU  CONTROLLER 
ARMS 
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Flqure 4 - 5  ASTRONAUT  IN  FOOT  STIRRUP  RESTRAINT  SYSTEM Flgure 4 - 6  SUBJECT USING NEUTRALLY  BUOYANT  TORPUELESS 
POWER TOOL 

Figure 4 -7 D - 16 EXPERIMENT STOWAGE AREA Figura 4 - 6  RETRO  ADAPTER  CAMERA  INSTALLATION 
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Figure 4 - 9  MOVEMENT  SEOUENCE F R O M  SPACECRAFT  HATCH 

TO AGENA 
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GEMINI XI 
UMBILICAL EVA 

TETHER CONNECTED 
L A M t K A  M U ~ N T E D ~  ' 'r r C H A N G I N G  FILM RETURN TO COCKPIT 

190 r n n r k  ' I ' 1 r lNGRESS 

HEART 170 
RATE, 
BEATS 150 
/MIN 

130 

RESPIRA-Io r 110 
TI0 N 
RATE 2ol 90 

r u rtw 
HATCH CLOSE 

HATCH 

BREATHS 
/M IN O L  7 0 7  0 10 20 30 40 50 60 

ELAPSED TIME, MIN 

Figure 4 - 10 GEMINI XI HEART  AND RESPIRATION  RATE FOR 

THE ORBITAL EVA 
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Flqurr 4-11 AOENA TETHER TASK IN ORBIT 
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Flqurc 4 - 1 2  SIWLATED A S € W  TETHER TASK 

Figure 4-13 D- 16 EXPERIMENT HARDWARE 
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Flqure 4 - 1 4  WATER SIMULATION OF 0-16 EXPERIMENT 
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5.0-GEMINI Xn 
5;l: G E N E R A L  

~___" Geminlf-XU Orbital Mission  Data - Data received from  the standup and 
umbilical EVA periods  of  the  Gemini XU flight  include  a  transcript of 
the  continuous  onboard  voice  record and ten  separate  film  sequences 
totalling approximately 16.5 minutes out of  the  one  hundred  twenty six 
minutes  of umbilical EVA.  This includes  a 1 = 5  minute  segment  from 
the  firdt standup EVA. There  was  no  film  coverage  of  work in the 
Adapter  Section  due  to  the  failure  of  the  portable  camera.  Conse- 
quently, all flight film  relates  to  work on the  spacedraft  nose  or at the 
Agena  work station. 

The  onboard  voice record,   therefore,   forms the  only  complete  record 
of  the GT-Xl  umbilical EVA. The  only  dificiencies in this  record 
are due  to  time losses  related  to  tape  changes.  Where  possible,  the 
flight  film was  compared with the  voice  transcript and these  tape  change 
intervals  were  determined 

The first iteration of  the  time  line from  the  voice  record of the  flight 
was  made  from  the  transcript  of the  original  onboard tapes.  This  was 
supplemented  by  analysis  of  the actual  onboard tapes  by E R A  personnel. 
Analysis  of  the  tapes in coqjunction with continuous  cornparison of the 
voice  tapes  from  the  preflight  water  immersion  simulation  made i€ poss-  
ible to  fill in  all time  line "gaps 11 e 

The Iack of  contihuous  flight  film and the  original discrepancies in the 
flight  voice  transcript,  made it necessary  to  use  the  preflight simulation 
a s  the  base line of  information f rom whkih  to  construct  the first itera- 
tion  flight  time line,  This  analysis  required a  complete  understanding  of 
the  movement and  activities  of  the pilot during the  simulations in order 
to  visualize  consistent  performance in space.  Applying  this  knowledge 
to  the  voice  record and the  film  sequences  from  space, an overall 
picture of the actrtal umbilical EVA was  constructed.  Idormation 
f rom the  two  complete  preflight simulation runs and f rom the  partial 
postflight evaluation run aided immeasurably in the  rationalization  of 
discrepancies  between  the original  iterations  of  flight and prdlight and 
basic flight  plan  data. 

Although  a  flight  plan was  used  to  coordinate  the E V A  work and rest  
periods during  the  preflight simulation tasks,  the actual  written  plan 
did not serve as  the  basis  for  the time  line comparisons.  In effect, 
the entire final  preflight simulation  time  line became  the flight plan. 

53 



Flight  Film Sequences - Although  the  visual quality of the G T - X  iq- 
flight  films  was  excellent,  the  perspective  from  which  the  film  was 
taken in combination  with the  shadowing  effects in space  made detailed 
analysis of the  flight  film vez-y difficult. In many  hstances critical task 
element  took  place  completely in shadow,  therefore making  detailed 
visual  analysis  impossible.  Analysis  of  specific  body  movements, es- 
pecially for the  arm and hands is not possible in at least 50% of the 
f i lm.   Even  gross   task identification proved difficult in some  parts Qf 

the  film, and was  resolved  by  repeated  viewing and comparison with 
similar  preflight  simulation  films. Detailed comparison of individual 
tasks   were,   however,  made  on a frame  by  frame  basis.   The  hand- 
rail  erection is the  most  readily identified sequence.  This  sequence 
was not part of the umbilical E V A  but was  performed in a prior  seg- 
ment of the  standup EVA. The  second  sequence,  movement  from  the 
hatch  area  to  the  spacecraft  nose and T D A  interface,  is  also  easily 
identified and analyzed.  Subsequent  task  sequences  can  only  be identi- 
f i e d  when a thorough  acquaintance with the  particular tasks is obtained. 
A second  movement  sequence,  from  the  spacecraft hatch  to  the Agenq 
work station (after adapter  work  session), is the  only  other  readily 
identifiable sequence. 

It should be noted  that the  camera  position in space  does not corre-  
spond with camera  positions in the  water  or  aircraft  simulations. bhia 
fact  contributes  to  the  dHiculty of direct  compariaon of the  flight  film 
tasks.  Water  immersion simulation films  take advantage of optimum 
camera location for  task  analysis  e.g.,  perpendicular  to  the  space- 
cr& longitudinal axis. The  portable EVA camera  was located on a 
semi-fixed  connector  on  the  spacecraft  retro-adapter  section  near  the 
retro  separation  plane during  the  flight.  This  position could be  readily 
reached  by  the pilot  standing  in the  spacecraft  hatch.  The  camera  wa8 
aligned parallel with the longitudinal axis of  the  spacecraft allowing 
coverage of astronaut  movement  forward of the  retro-adapter.  Thus 
the  basic diEference is a 90' axis variation in camera  positions  be- 
tween  the  water and space  films.  Also,  for  the  water  immersion 
simulation the  camera  is, in effect ,  looking down on the  primary vehiole 
working  areas  from  above  the  astronaut. B y  rotating the axis of perv  
spective it was  determined that body  positions and movements in the 
simulation and in the actual  flight corresponded very closely. 

The initial movement  from  the  spacecra hatch along the  portable 
handrail is an  example of the  similarity of motion between  the  space 
and water.  Astronaut  Aldrin  performed a 180' turnaround  on  the 
handrail at the  end  of  this  movement.  The  flight  film  shows  this  turn- 
around  to  be in the  opposite  direction.  When  comparing  the  sequences 
f rom beginning to e n d  of  this initial translation,  the  movements  appear 
to  be  almost  identical in  both time and body  position.  The  water  simu- 
lation turnaround  made in the  opposite  direction appears  as a mirror 
image of the actual  flight turnaround.  Figure 5-1 , a comparative 
sequence of the  flight,  water, and aircraft  modes,  demonstrates in 
greater detail the  similarity in these  movement  sequences. 
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The  ma'or advantage  derived from  analysis  of  the  film  was  the  capa? 
bility to  compare  the  kinematics  of  the  tasks with similar  film  recorda 
f r o m  the  water  immersion  simulation.  This  comparison had aided in 
determining  the  correlation of water  immersion simulation to the  space 
performance. 

Water  Simulation - Prior t G  the  Gemini XU mission  water  immersion 
simulation runs  of  the umbilical E V A  tasks  were  performed at the 
Environmental  Research  Associates  water simulation facility.  The 
purposes  of  this simulation were :  ( I )  to  provide  the EVA astronaut 
with a continuous real  time  training and (2) to  organize and validate 
the  final  flight  time line plan. 

A continuous  film and voice record  was  made  of  the  last  two  preflight 
simulation runs.   These  f ind  runs,   subsequently referred to a s  Pre- 
flight I a n d  Preflight Z, were intended to  be  accurate  rehearsals  of 
the actual  orbital E V A  mission  plan. After the  Gemini XlI mission, 
Astronaut  Aldrin  returned  to E R A  to perform a posfflight evaluation 
of  his EVA.  Continuous  film and voice  recorck  were  made  of  this 
postflight run.  The  posfflight evaluation run  permitted  the  astronaut  to 
investigate  certain of  the  tasks in more detail  than was allowed in 
space d u e  to  time  constraints.  Further,  the  astronaut  evaluated sev- 
eral  other  closely  related  tasks  which  were not  included in the  GT-XH 
task  line. 

Although  complete  film and voice  records  were made  on  the  Gemini XlT 
preflight  water  immersion  simulations,  the  films were edited prior to ' analysis.  The  loss  of  this edited portion  complicated  the  film  analysiB 
and comparison. T o  reconstruct  the  complete  time  line,  the  voice 
transcript was compared  to  the  film in order to  identify  the  areas  wheye 
film editing occurred.  Tape  change  intervals did not affect  this  time 
line  comparison  since  they did not normally  coincide with film  breaks. 

Table X details the  results of this  preflight  film-voice  comparison. 
I n  this  final iteration all legitimately  identified  time losses  are  included, 
and suspected  time  discrepancies  are  noted. 

A t  times  the  astronaut Is  body  position  restricted  view  of  his  hands 
while  working on a work station task. No  serious  problems in task 
interpretation were  encountered  during  film  analysis,  however. 
Body/camera position cod ic t s  mentioned above  degraded  the  visual 
analysis  of  the 'Eine hand movements and operations  associated with 
the  work station tasks.  A synchronized  voice  transcript  was  used  to 
interpret  questionable areas.  

Task  performance  does not precisely coincide with its verbal  descrip- 
tion. This  was true throughout  the GT-XlI preflight  simulations. 
Prime  examples  were .the scheduled rest periods,  wherein  the  astro- 
naut would complete  previous  work  tasks while commenting that he  was 
resting.  Because  of  this,  film a n d  voice  time  lines  were  constructed 
independently.  The  time  variations  between  film and voice data in the 
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successive  iterations, in general,  support  the  rationale for data sep- 
aration for initial iterations.  Since the film  was  used  as  the  true indl- 
cator of task time  duration,  discrepancies  were  reconciled in the find 
iteration  time  line with the data from  the  voice  record  serving  mainly 
to  provide continuity and fine level details. 

Figure 5-2 is a  continuous  pictorial  sequence of the simulation time 
line including the  handrail  erection  sequence of the EVA.  This  task 
was included in the  water  immersion  simulation  to serve   as  a  stan- 
dardized  reference point and to  provide  an  extra  measure of practice 
f o r  the  astronaut. 

In   order  that a high fidelity simulation be  maintained,  the  handrail 
erection  task  was  performed  separate  from  the umbilical E V A  time 
line.  The  pilot,  standing in the  hatch,  deployed  the  handrail,  marking 
the  start and finish  of  this  task on the  voice  tape. A t  the end of this 
task  the command  pilot initiated the start of the umbilical EVA time 
line.  The umbilical E V A  simulation commenced with the  standup  famil- 
iarization  task. 

Aircraft   Zero  Gravity Simulation - A limited portion of the  work  per- 
formed during  aircraft  zero  gravity simulation program on the  Gemini m 
umbilical EVA has  been supplied  to ERA b y   N A S A - M S C   f o r   p u r -  
poses  of cross-correlation of simulation mode.  These  simulations 
were  very  useful in determining  the  fine hand task details such  as  the 
hook and ring  connections,  the  waist  tether  connections, and operation4 
involving  Velcro handhol.Js and pip pins.  The  preflight  redesign of the 
pip  pins  serves  as  a good example  of  the utility of the  zero  gravity 
aircraft simulation. Prior  to  aircraft  evaluation  the  pip  pins,  Figure 5-3 
were   f ree  to  rotate in the  sockets.  The  aircraft  observers  determined 
that if the  pip  pins  were  allowed  to  rotate  freely,  serious  interactions 
with free  tethers could O C C U P .  The update version  employed  an anti- 
rotation p ip  pin  design.  Comparison of the available results of the  air- 
craft simulation  with water  immersion and space  performance  is  made 
a s  applicable. 

General  Configuration  of  the Umbilical E V A  - The  stated  purpose of 
the  tasks  comprising  the  Gemini XU umbilical E V A  was to determine 
the  effectiveness of various  restraint  modes on ZVA performance. 
The  specific  nature of the  tasks and the  restraints  related  to  future 
missions  configurations  such  as AAP. Since  Gemini signiEied a 
temporary halt to E V A  experimentation,  the intent of  the EVA was to 
yield answers  to  a  broad as  possible  spectrum  of  representative fu ture  
E VA tasks.  

Figure 5 - 4  is a  functional  flow  diagram of the  major  task  events OP 
the  Gemini X U  umbilical EVA.  Although  there  were  minor  variations 
between  the  preflight simulation and the  flight performance  the mw'or 
task  sequence  remained  unchanged.  Water  immersion simulation was 
instituted to quantitatively determine  the  time  line,  to  assess  the levels 
of energy  expenditure  required  to  perform  the time  line and to specify 
the duration and frequency of rest periods in order  to maintain energy 
expenditures at acceptable  levels. 
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The initial task  performed  was standup  familiarization. T h k   t a s k  waB 
designed  to  further  evaluate  the free float  tendencies  experienced  on 
GT-IX and to prepare  the  astronaut  for  the umbilical EVA.  Idormaw 
tion from  previous E VArs suggested that a  familiarisation  period  hav- 
ing  minimum work  levels could better  introduce  the  astronaut  to  his 
new  environment.  The  astronaut was also  to  evaluate  the cooling e f -  
fec t  of the E L S S  at this  time.  The  astronaut  was  then  required  to 
install and activate  a 16 mm motion picture  camera on  the  retro- 
adapter prior  to  the  Agena  tether  task.  Several attachment  mode@ 
would be  evaluated; (1)  attachment  while  standing  in  the  spacecraft 
restrained  by  the  command  pilot, (2)  attachment  while  standing in the 
spacecrdt  unrestrained, and (3) attachment  while  outside  the  hatch. 

Following  the  camera  placement  evaluation,  the  astronaut  was  to pro-  
ceed  down  the  handrail  to  the  nose of the  spacecraft, evaluating teth- 
ered dynamics along the  way.  The  astronaut  was  then  to  connect  the 
Agena  tether.  This  tether  was  a 100 foot  long, 2 inch  nylon  web 
tether  connected on one end to  the  Agena  vehicle.  The  free end of 
the  tether  terminated in a  multi-strand  cable  loop,  which was  to  be 
manually attached to  the  docking  bar by  the astronaut  during  the EVA. 
The loop was  locked onto the  docking  bar b y  the handhold clamp 
shown in Figure 5-5 . The astronaut was to perform  this  task whilg 
connected to the hand bar and  docking lip b y  waist  tethers.  The 
Agena  tether  task  was  substantially  the  same  as  the one  which proved 
so difficult on Gemini XI. The astronaut  was to  activate  the S-010 
micrometeorite  experiment  from  this  position.  This  task  was  similar 
to that described in the  previous  discussion of G T - X .  

The astronaut  was  then  to  move  to  the  adapter and perform  the  adap- 
ter work station tasks.   The  purpose of the  work  tasks  was  to  evalu- 
ate  the  effectiveness of the  two  restraint  modes in performing variouB 
subtasks.  The  subtasks  included: ( 1 )  evaluation of  two  types of 
Velcro  (nylon,  stainless  steel), (2) operation of various  electrical and 
Eluid quick disconnects, (3)  evaluation of cutting type  tasks and ( 4 )  
performance and evaluation of torquing  operations. While in the  adap- 
ter the  astronaut was also to  evaluate suit  mobility characteristics. 
The  astronaut  was  then  to  proceed  to  the  Agena  work station to   per-  
f o rm a series  of  similar  tasks evaluating tethered  versus  untethered 
restraint  mode.  The  subtasks  included: (1) fluid connector  operationt 
(2) evaluation of portable  Velcro  handholds and pip pin  restraint  an- 
chors ,  and (3) evaluation of the  Apollo  torque  wrench and torquing 
capability. 

Interspersed  throughout  the  time line were a  number  of  camera  acti- 
vation and film  changes  as well as  eleven,  two-minute duration rest 
periods.  Following  'the  Agena  work  tasks  the  astronaut  was  to re -  
turn  to  the  hatch and ingress,  ending the umbilical EVA. The   per -  
formance in space and the  simulations  closely  followed  this  format with 
only  minor  changes.  The  following  sections detail the  performance in 
space  as  well as in the  simulations. 
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.B - TIME L I N E   C O M P A R I S O N  - A detailed analysis OE the orbi- 
5 1  and simulation time  lin'es was  performed  to  determine  areas of sirnf- 
larity and dissimilarity in task  time and astronaut  motion.  Tables X, 
X, and ZX present  the  results of the  final  iteratioq of the  time  lines 
f o r  the  water  immersion  simulation,  the  flight and the  aircraft  simula- 
tion, and details  the  task  performance  times and the  task  description. 
Specific  comments  are  made  to indicate anomalies or  pertinent  obser- 
vations.  Sequences of selected  tasks  are  given in Figure 5-1, com- 
paring  the  flight,  water  simulation, and aircraft  simulation on a five 
second  increment  basis.  Figure 5-2, a  continuous sequence of the 
XU time  line for  the  water simulation and Figure 5-6,  a continuous 
sequence of the  flight,rarepresented for   reference  purposes .   The  se-  
quences  :comprise  pictures on a 30 second  increment  basis.  Figure 5-7 
is a similar  sequence of the available film  from  the  zero  gravity air-  
craft  sim ulation . 
Handrail  Deployment - Handrail  deployment  was not  an element  of  the 
umbilical EVA.  This  task  was  performed during  the first standup 
EVA period.  Since  underwater- simulation presented an excellen;  mode 
to evaluate  this task,  and because  the  success of handrail  erection wap 
considered  critical  to  the  overall umbilical EVA,  a  handrail  erection 
sequence  was  performed at the beginning of each  preflight  water  simu- 
lation film. A comparative  film  sequence  is  shown in Figure 5-1. The 
flight  sequence  is  shown in the  upper  line.  Directly  below  this is the 
sequence  from the  water  immersion and zero  gravity  aircraft  simula- 
tion runs ,  

Astronaut  Aldrin  began  handrail  deployment at an elapsed  time ( G E T )  
of  20:27:24,  immediately  following  the  adapter  handrail  deployment. 
The  erection  task  lasted 115 seconds.  The  same  task  performed in 
the  water simulation lasted 145 seconds.  The  motions in both modes 
were  very  similar.  The  time  difference  is attributed to  difficulties in 
deploying  the  telescoping  sections of the  handrail in the  water  simulation. 

Since  the handrail task duration  exceeded  the  time  duration of one para-  
bola in the zero  gravity  aircraft  (approximately 30 seconds) ,  it is d i f -  
ficult  to  compare aircraCt simulation  data. A n  interruption in the task 
is noted on the original film.  The total task time f o r  handrail  erection 
in the zero  gravity  aircraft  appears to be  40  seconds.  This  follows 
the  normal  pattern  zero  gravity  task  performance in aircraft  versus 
water simulation. It was  found that in most  cases  the  task  time  tends 
to be markedly  decreased in aircraft simulation over actual performanye 
or  water simulation. This  may  be due to  the  psychological  factor that 
a zero  gravity  parabola  gives  only limited time  to  accomplish  a  task. 
The  more  familiar  a  subject is with this simulation mode, the less  this 
factor  tends to  be a  problem with proper  task  planning. Pilot Aldrin 
commented that the  handrail  erectiQn  was  Ifquite  easy I f  in both simula- 
tion modes and was  equally  easy in flight. I n  a  postflight  debriefing, 
Aldrin  described  his  movements in performing  this  erection  task in 
orbit. 

Standup  Familiarization - The first major umbilical E V A  task  was 
standup  familiarization. The object of this  task  was  to  give  the pilot 
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time to aaust  to his  new  environment.  The  only work tasks schedulecj 
during  this  familiarization were subjective  evaluations,  which  required 
small  physical  exertion.  The  majority  of  the time  during  this  task 
could therefore  be  used b y  the  astronaut in "getbing the  feel?? of the 
umbilical EVA made.  

The  previous standup EVA had provided Pilot Aldrin with an excel- 
lent  introduction  to  the E V A  environment.  Aldrin'  commented  on  the 
usefulness of this first standup E V A  in a  postflight  debriefing. 

Aldrin - n I  was quite thankful that we did have  the  standup 
EVA first because it gave  me an opportunity  to see  just  how 
small  the  forces  were that were  required  to  get  the  body  mov- 
ing. I ' m   s u r e  also that  having this  standup E V A  f irs t ,  with ita 
smaller  priority than the umbilical EVA,  tended  to  have  slightly 
lower  psychological  effect  if  there  really  was  any in terms of 
effecting any mental tension  or  something that might have  impaired 
the  activity or  changed  heart  rates. . . 
"I rm glad that we did that  one first instead of the  other  one. 
It put  me in much  better  shape  because  then I could devote all 
m y  attention to  the  particulars of the umbilical EVA when that 
came up . .  . 1' 

A short umbilical  attached directly to the  suit int&e system  was utilized 
during  the standup EVA.  This  effectively  tethered  the pilot to  the 
spacecraft cockpit and limited his  movements.  The long  umbilical 
changed  the  pilotrs  configuration  considerably.  His  overall  volume  in- 
creased with the addition of  the  chestpack ( E L S S ) ,  and his  freedom 
of movement  was  extended  to  the  length  of umbilical. Because of 
these  variations, it was  felt that another  familiarization  period was 
necessary to ailow the pilot to  orient  himself to this new  codiguration. 
Standup  familiarization  apparently  accomplished  this  objective. A11 indi- 
cations  show that Astronaut  Aldrin  was both physically and psycholog- 
ically  prepared  as  he  moved into the  subsequent task line. 

Aldrin's orbital  standup familiarization included  an  evaluation of f r e e  
floating dynamics and E L S S  outflow characteristics.  The total task 
interval  was 100 seconds.  In  his  preflight  water  simulation,  Aldrin 
'spent  only 50 seconds on this  same  task.  The  mqjority of this  task 
time  was utilized f o r  the f r ee  floating dynamics  evaluation,  since  the 
E L S S  mockup in the  water  was  of  low  fidelity. 

Aldrin first attempted to  release  his hand grip and evaluate  any r e -  
sulting forces .  Regaining  his hand hold position,  the pilot  attempted to 
change  his  positions with minor hand movements noting any  particular 
forces  involved.  Aldrin Is orbital dynamics evaluation was  similar  to 
his  preflight  evaluation,  except that he did not have  a  command pilot in 
the  water simulation to  steady  his  position with the  leg  tether,  Fig- 
ure 5-8 . While the pilot  evaluated f r ee  floating dynamics in orbit, 
the command  pilot released  his hold on the  leg  tether. 
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The SLSS oufflow evaluation was a  simulated maneuver in the water 
and, in effect ,  A l d r i n  passed  over  this  subtask  completely in the simu- 
lation. This  explains  the  difference in time  between the orbital and 
simulation  evaluations. No aircraft data oli atandup familiarization waB 
available. I n  the  postflight  debriefing,  Aldrin indicated  that the  dyna- 
mics  evaluations  are not particularly  suited for  aircraft  zero  gravity 
simulation  due to aircraft  perturbations. 

Aldrin - ItIn  the zero g  airplane, it is extremely  difficult to at- 
tain this  pure  zero  g a n d  we  never  really  know  whether  we're 
working  against  a  small  perturbation in the  aircraft  trqjectory  or 
whether  this  is an  actual response that we  have. 11 

Immediately  following  the  standup  familiarization  period,  the  command 
pilot requested that Aldrin  rest.  This  procedure  was a variation from 
the simulation  time line.  During  the  preflight  simulation,  the pilot  began 
the  retro-adapter  camera  placement  immediately  after  his  standup  famil- 
iarization. The first two minute rest  period  was  scheduled in the 
water simulation following  the evaluation OE the  methods  of  camera  place- 
m ent . 
Aldrin 1s first orbital E V A  rest  period  lasted 52 seconds.  He  com- 
mented  that  this rest did not seem  necessary  since  no  real activity had 
occurred during  his  familiarization  period. A t  this  point  the rest  period 
was cut short and  the pilot began the camera  placement evaluation. 
I n  the  postflight  debriefing,  Command  Pilot  Lovell  commented  on  this 
rest  period and the  overall  rest  schedule. 

Lovell - "Our time line f o r  the  umbilical EVA was  based on the 
ones  we  have done in the  water.  We allowed  eight minutes f o r  
the unlatching of  the  spacecraft  hatch  to  the  final  jettisoning  of  the 
waste  pouch, and the pilot  getting up a n d  outside  the  hatch by  
standing  up.  We  were  actually  very  conservative on the  time 
and completed  this  prior to the eight minutes  we  allowed. It 
(the f irst   rest   period)  was jus t  too soon.  The  way  we managed 
to hit the  proper hatch  opening time, and be ready at the  same 
time, didn I t  allow u s  to sit around.  We  weren I t  rushed during 
the umbilical E V A  preparation.  Of  course,  the EVA was  de- 
signed  to  get  the  most out of basic E V A  with rest  periods to 
anticipate any  problems  which  we might encounter. We  took  the 
rest  periods  as  they  came  along,  however, it was getting obvious 
to me that rest   periods which  we had allotted were  either too 
long or  too frequent. We  managed to stay on the  time line through- 
out the  entire umbilical E VA.  

The  f irst  orbital rest  period,  elapsed  time 1 :52 (0: 00 elapsed  time is 
set at the  start  of  standup  familiarization f o r  comparative  purposes), 
came  before  the  elapsed  time of the first  scheduled  rest  period  of  the 
preflight simulation (4 :35). During  the  preflight  simulation,  the first 
rest  period  was  interrupted  by an optical surface evaluation. Aldrin 
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attempted to  clean  the  command  pilot's  hatch  window  using  a  wiper 
cloth  located in a  pouch on his  lower  leg.  The optical surface eval- 
uation lasted 55 seconds,  separating  the  two  segments of the first 
60 second rest period. A similar optical surface evaluation,  also 
lasting 55 seconds,  was  performed at an elapsed  time of l l2: l5  in 
the orbital EVA. A possible  reason for this  change in schedule  was 
the  concern  over  adherence to the  planned  time  line. The optical sur-  
face  task  was  considered  of  secondary  importance and was  placed 
near  the end of  the umbilical EVA time  line so that it could be omitted, 
iE the  mission fell behind the  time line schedule. 

Camera  Placement Evaluation - Immediately  following  standup  familiar- 
ization  in  the  simulation  time  line and following  the first orbital rest 
period, Pilot Aldrin evaluated various  placement  techniques  for  the 
EVA I 6  mm motion picture  camera.  During  this  camera  placement 
evaluation task,  Aldrin attempted  to determine  the  best  body  configu- 
ration for  camera installation and positioning. Figures 5-9  and 5-20 
show  two  body  positions evaluated  during  the  preflight  simulation. 
Aldrin  describes  the  task in his  posfflight  debriefing and comments on 
its purpose. 

Aldrin - nWe had three  different  ways of mounting the  camera. 
The  first  two  were  essentially  the  same a s  the  standup EVA.  
I was  really still inside  the  cockpit. The  next  one, I was  com- 
pletely out and switched  over to  having  the  right hand on the 
handrail and the left hand taking the  camera off and then putting' 
it back  in.  This  was quite a  different method of putting it in than 
the  other  two. It required  the  use  of  one hand and a little bit 
of torquing  operation with that hand to get  the  camera into posi- 
tion and put it on down. But, again,  this didn I t  appear to be 
any  real  difficulty.  The thing we  are  trying to find out is, in 
going back and forth putting the  camera up and taking it down, 
did you want to go  through  the  procedure of getting back in the 
hatch,  as  far  as  your  feet   go,  and  using  the  left hand on the 
seat to put  the  camera  in,  or could you do this in passing? 
Could you  stop  there and put it up? If you  could,  then  you  mghb 
be able to save a little bit of  time. 1' 

Comparison  of  the simulation and orbital  data indicates that it did not 
matter  whether  the pilot was  inside  or  outside  of  the  spacecrd  cockpit, 
or  whether  his  legs  were  restrained  or  unrestrained. As long a6 + 
handhold could be maintained to  counteract  reactions  created  during 
camera  attachment,  the  task  was not diEficult. 

Following  camera  placement  evaluation,  Pilot  Aldrin  began  his  second 
orbital rest period. A t  an  elapsed  time  of 6:54,  Aldrin is lagging the 
preElight water simulation time dine by  139 seconds.   The  f irst   rest  
and the  longer  standup  familiarization and camera  placement  tasks  ac- 
count f o r  this  time  lag.  This  second orbital rest period  corresponds 
to the first rest period in the  water  simulation. 
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Aldrin positioned  his  body out&de the  spacecr&  cockpitt, and began 
this rest holding on  with  both hands  to  the  portable  handrail.  This 
was  the  same  position  used in the  prdlight  water  simulation.  Fig- 
ure 5-12  shows  the  position  Aldyin  assumed in the  water  simulation. 
The  pilot  stated  during  this rest period in orbit that he had to get pro- 

p e r  position and Ithold onto something 11 to rest. The  same situation 
was noted  during  the  preflight  simulation. The first rest in the  water 
simulation lasted 65 seconds and was  interrupted  by  the optical surface 
evaluation. The  second rest period in flight  lasted 103  seconds.  The 
optical surface evaluation was  postponed until much  later in the  flight. 
The  original  flight plan called fo r  rest periods  of  two minute duration. 
Most rests in both orbital and preflight  simulation  modes did not attain 
this  scheduled  length. 

Be fore  moving forward  to  the  spacecraft  nose, Pilot Aldrin  extended 
the umbilical out of the  cockpit. I n  orbit,  Aldrin  was  assisted in this 
maneuver  by  his  command  pilst.  The  task  was initiated at an elapsed 
time  of  8:37, and required 65 seconds  to  complete.  During  the  pre- 
flight  water  simulation, Pilot Aldrin had to  simulate  the  extension  since 
the umbilical was  already out of the  cockpit.  This  was  necessary  be- 
cause of the  construction  of  the  mockup umbilical and since  the  com- 
mand pilot was not in the  spacecraft  mockup.  The  low  fidelity of 
these  important  hardware  elements  caused  the actual  orbital task line 
to slip farther behind its  mission  time  schedule. 

Movement  to  the T D A  - Movement along the  spacecraft began at 9:47 
( E T )  in the  flight.  Aldrin 1s objective was  to  move  from  the  hatch 
area up the  portable  handrail and position  himself  on  the  handrail at 
the  spacecratl  nose and Agena  target  docking  adapter ( T D A )  inter- 
face.  The  movement  required  41-seconds.  Figure 5-1 shows  the 
comparison  sequences of this  movement f o r  the  flight and preflight 
water and aircraEt simulations. The  movement  task in the  preflight 
water simulation lasted 31 seconds and 8.1  seconds in the  aircratl 
simulation. This  movement is equivalent  to an average  velocity of 
0.16 R / sec   f o r  the  flight, 0.22 f%/sec   for  the  water  simulation, and 
0.64 f t /sec  for  the aircraEt simulation. 

This  particular  movement  task is very  useful  from  the standpoint of 
motion analysis.  All  three  modes yielded  excellent  film  coverage  as 
can  be seen from  the  pictorial  sequences. Aldrin made  a  180" turn-  
around  during  this forward  translation. I n  his orbital EVA, Aldrin 
made  this  turnaround in the  opposite  direction f rom that of the pre-  
flight  training session.  When  viewing  these  films  together,  the  two 
modes  are  kinematically  identical.  The  small  time  ditferences  between 
the  water simulation and the  flight  performance  are  probably  due  to  the 
astronaut 1s analytical  evaluation of  movement in space.  The  large dif- 
ference  between  the aircart3 translation  time  interval and both  orbital 
and water  modes  substantiates  the  premise that many  tasks  are  "hur- 
ried f t  due  to  the zero  gravity  parabola  time limitations. 

Rest Evaluation  on  Waist Tethers - The astronaut  completed  this for- 
ward  movement by attaching his  waist  tethers in preparation  for a rest 
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period.  The right  waist  tethek was attached first to an attachment 
ring  near  the  forward end of the  handrail,  Figure 5-12 . The let% 
waist  tether  was attached to one of the u-bob on the  docking  cone, 
Figure 5-13 . In opbit, A l d r i n  began tlzk tether  placement at 10:35 
( E T )  and both tethers  were attached 25 seconds  later.  The  same 
maneuver in the  preflight  water simulation began at 7 : O l  ( E T )  and 
lasted 37 seconds.   In the a i r c r d  simulation, A ldr in  attached  both . 

tethers  to  the  u-bolts on the  docking  cone, beginning  with the left waist 
tether.  The  tether attachment  in  the  aircraft  mode  took 26.4 seconds. 

I n  both the  preflight and Bight, the rest period  began  immediately after 
the  waist  tethers  were  attached.  The  object  of  this rest was  to eval- 
uate the effect of  resting on tethers  only.  After attaching the  tethers, 
the pilot released  his hold on the  handrail and  ceased  activity. 
Aldrin Is observations on this evaluation are  presented  below. 

Aldrin - The  tethers didn I t  seem to jerk  me  back in at all. 
They  just  eventually  assumed  a  natural  position and I was dr i f t -  
ing very  lightly,  maybe in one  direction, a n d  then  perhaps  my 
foot would contact it and I would bound back  a very  slight  amount. 
A very  comfortable rest position. ' 1  

The orbital rest  period  lasted 78 seconds,  whereas  the  same  rest 
period in the  preflight  water simulation was  only 53 seconds.  Aldrin 
again  noted  that he did not need  a  rest  period at this  point,  since  he 
felt  no  physical  need  to  rest.  Once ha was  satisfied with his  tethered 
evaluation he  terminated  the  remainder  of  his  rest  period. 

Agena  Tether - After completing  the rest evaluation in the  water  simu- 
lation mode,  Astronaut  Aldrin  repositioned  his  waist  tethers in p r e -  
paration fo r  the  Agena  tether  task.  This positioning  operation  required 
20 seconds  of  extra  movement and thus  extra  energy  expenditure. 
Aldrin  used thi8 simulation experience to his  advantage in orbit. Pilot 
Aldrin intentionally spread the tethers  apart to "give a little broader 
stance  to  go ahead and hook up the  Agena  tether ' 1  in the  flight.  This 
eliminated the  need for  tether repositioning and streamlined  the  time 
line  placing Aldrin in an ideal position f o r  immediate  activation of  the 
Agena  tether. 

.The  Agena  tether task consisted  of two separate  subtasks. First, the 
pilot  installed a  wire loop over the  spacecraft  docking  bar.  This  wire 
was attached to  a  nylon  tether  to be used in a  later  experiment  on 
gravity  gradient stabilization A d ip  -loop configuration allu wed the 
pilot to tighten this  wire  on  the  bar and position it at any  desired height. 
Figure 5-14 shows the  Agena  tether  codiguration  before it is  deployed 
on  the  docking bar.  The deployed posibion is shown in Figure 5-15. 
I n  the  second  part of the  Agena  tether  task,  the  astronaut  removed  the 
docking bar clamp f rom its position on the T D A  and installed the  com- 
bination clamp/handgrip  on  the  docking  bar.  The  function of this clamp 
was to hold the  tether  wipe  loop  down  on  the  bar  preventing  possible 
snagging of  the Agena tether  when  the  spacecraft and Agena  parted 
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later in the  mission. Adthough the  decking  bar  was  also  to aerve as  
a handhold position,  Pilot  Aldrin later decided that the  clamp was not 
operating properly, and discarded  this use so  as  not to jeopardize  the 
subsequent  tether  experiment.  The  comparison dsequences f o r  the  tether 
activation task are shown in Figure 5-1. 

Activation  of  the Agena  tether  began at an elapsed  time of l2:23 in 
flight a n d  lasted 140 seconds.  In  the  water  simulation, activation of 
the  Agena  tether  began at 8:57 ( E T )  and took 100 seconds.   The 
Agena  tether activation required 40 seconds  more in  flight  than  the 
same  task in the  water  simulation.  This  may  be  explained  by  three 
characteristics. First, installing the  docking  bar  clamp,  the pilot 
removed  a  small  two  foot length  retainer  tether  from  this unit. This 
tether  was not removed in the  preflight  .water  simulation. Second,  
Aldrin  found  the  Iftoadstool f f  atop the  docking  bar  loose  when attaching 
the  docking  bar  clamp in Plight. He  paused  for  a  short  time  to  eval- 
uate this  problem. No read delay was caused  here, and the  loose 
IItoadstool f I  posed  no  serious  problem.  Thirdly,  when  Aldrin  began 
the  Agena  tether  task, both he and Command Pilot Loveld noticed  that 
fast  movement  affected  the  Agena  spacecraft stability. T o  eliminate 
this  problem,  the pilot deliberately  slowed  down  his  movements.  This 
third factor  probably  accounts  for  the  entire  variation.  The activation 
task  required 35 seconds in the  aircraft  simulation.  Because  of  the 
length  of  this  task and the  broken  film  sequences  received  from  this 
simulation, it is difficult  to  determine an exact  time  interval.  However, 
it can  be  seen in the  film that this  task  appeared  to  be  rushed  during 
the  aircraft simulation mode. 

S-010 - At the  completion of the  Agena  tether  task in flight,  another 
change  occurred.  Before moving  to  the S-010 experiment,  Astro- 
naut Aldrin began  a rest period at 15:52 ( E  T )  . The third  orbital 
rest period  was  the first to reach the full  scheduled  time  duration  of 
two  minutes.  The rest period  lasted 127 seconds and was preceded 
b y  a 38 second  rest  preparation.  During  the  preparation,  Aldrin 
altered  his  tether  placement so that he would be in the  best  position  to 
immediately  activate  the S-010 after his  rest .  In the  preflight  water 
simulation,  Aldrin did not take  this  rest  period.  Following  the  Agena 
tether  activation,  the pidot moved  immediately into position  to  activate  the 
S-010 experiment at 12:32 ( E T ) .  

S-010 activation was simulated in the  water  time  line  because  of  low 
fidelity  mockup  characteristics.  Aldrin  spent 55 seconds  reaching  the 
positions that he  considered  necessary fo r  S-010 activation. The  in- 
terval, however,   was not readistic. The actual  orbital s-010 activa- 
tion lasted 21 9 seconds.  Aldrin  experienced  minor positioning  difficultiee, 
but no ma,jor problems  occurred in his orbital  activation. 

In Figure 5-1 6 , the S-010 is seen  fully deployed  on  the T D A .  A 
comparison  sequence of S-010 activation  in  flight and  in the  water  simu- 
lation is presented  in  Figure 5-1 . 
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The addition of  a rest period after the  Agena  tether  task in the orbital 
EVA and the  fact that the S-010 waaS simulated in the  preflight  water 
EVA caused  further deviation f rom the  planned  time dine. Upon  com- 
pletion of the s-010 activation in flight,  Aldrin  repositioned hi's tethers 
in preparation  for  the  TDA  wopk station setup  task.  The  same tether, 
repositioning  task  was  performed in the  preflight  water simulation at 
13:27 ( E T ) .  This  repositioning  task  took 40 seconds in orbit.  Dur- 
ing this  time,  he  moved  from  the S-010 position  on  the  Agena to the 
T D A   w o r k  station area. A t  the end of the  repositioning  task in the 
simulation,  Aldrin  removed  the  Velcro  protection  covers  from  the  work 
station area.  This  increased  the time required  for  preparation to 
75 seconds. 

- T D A  - .. " Wo-rk - Station  Prepara.tion - Aldrin  immediately  began  the initial 
portable handhold and pip  pin  placement in flight. The initial setup 
preparation  took 66 seconds. - Aldrin  comments on the  purpose 02 this 
task in his  debriefing. 

Aldrin - "Having  done  this I then  moved  around  to  make  another 
change in the  tether  location,  the  purpose  here being to  deploy  the 
portable  handholds and to preposition  them and locate  pip  pins on 
the  work station so that we'd  have that much  more  time left af- 
ter the  adapter  work to make  the  complete  evaluation  of  the  work 
station. I f  

The command pilot interrupted  this initial setup  preparation,  suggesting 
that Aldrin begin his  fourth orbital rest   period, commenting that they 
were ahead of  their  time  line.  Aldrin  elected  to  utilize  this  rest p e r -  
iod to send  messages  to  Houston.  Following  these  messages  Aldrin 
completed  his rest  period and his  work station setup  preparation. 
Aldrin 1s description of these  tasks  follows. 

Aldrin - IfWe had time  left during the  stateside  pass a n d  I 
wanted to deploy  the  two  flags that I had stowed in the  portable 
handhold. It looked  like in order to do this, in the  way with 
least  jeopardy, would be  to do it before I pulled  the pip pins  out, 
instead of trying to take  two  hands  to do it. S o  I pulled them 
out and said a few  words  about Veteran&  Day and said a f e w  
more  words about the  Army-Navy  game. I took  the  Veteran Is 
Day  flag and tossed it in the breeze.  I took  the  other  flag and 
tucked it as tightly as  I could in the  right  side  of  the E L S S ,  be- 
tween  where  the  hoses  were  between  the ELSS and my  chest. 
I then  went about the task of deploying portable  handholds. I 
took each pip pin out a n d  in turn  put it into a holder that I wasn f t  
going to use with the  portable  handholds that were going to  come 
up f rom the  adapter. I chose  free pip  pin  attachments.  They 
were  the  ones that did not have  stars. I wanted to then  eval- 
uate afterwards and compare  a  freely  swinging  pip  pin  as  a  hand- 
hold with the  ones that were rigidly mounted  in the stars. I put 
the  two  portable  handholds in the  outboard  position, both on the 
left and on  the  right  leaving  room  for  the  others to go in the in- 
board. I took  the  one  remaining  pip pin.  at this  time a n d  put it 
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on  the le& side of the  Agena as  you. face the Agena  from the 
spacecraft,  to  get it out of the  way  for both the  tomping  opera- 
tions and also so it wouldn I t  be in the  center  when  the  chest 
pack lights hit it. About this time I received  a call from  Houston 
to slow  down  a little  bit. It w a s  perhaps jus t  after the little 
blurt  about Veteran 1s Day and  before deploying a portable  hand- 
hold, as  previously  discussed in the  medical  briefing. I think 
that some  of  the  reasons  for  the  change in heart rate was  the 
audience that I was  addressing and I wanted to make sure that 
I didn r t  flub.  There  wasn I t  much  of  a  rest  period while I was 
deploying  the  portable  handholds. I did pause  there for a min- 
ute and before I started  back, I did get the word from  Houston 
that  the recovery  was good  which  meant  the  return of the  heart 
rate  back  down to normal. 11 

The  task time  intervals f o r  the  work station  preparation and  the  rest 
are  given in Table Xi . The  subsequent  movement  followed  by  a 
camera  change, GLV strip  retrieval, a n d  a  camera  retrieval  task 
shows  no significant  time  variations  between  the  orbital and water  simu- 
lation modes. In all cases orbitad task  times  were  slightly  longer 
than  the  simulation,  Table Xm. 

Aldrin - "I then  started  moving  back along the  handrail. I had 
to take  the  waist  tethers off now,  one at a  time. I took  the 
right  one OLY and put it back  on  the E L S S .  This time I took 
the left one and instead  of attaching it to the  folding  bar with two 
rings  on it, I stuck it with Velcro  on top of  the  chest  pack. 
This  bar that went  across, I think was  less  than optimum in de- 
sign. I had some  experiences in training with it coming off' and 
I thought  that I might just as  well leave it loose and not  bother 
using it and try using  the  Velcro  instead. . . fI 

Prior to the  movement  from  the  spacecraft  hatch,  Aldrin  extended  ad- 
ditional umbilical  out of the  spacecraft f o r  the  maneuver  back to the 
adapter. In the  simulation  mode  the  umbilical was not s'tored in the 
spacecraft and extension  was  unnecessary.  The  movement to the ad-  
apter took 22 seconds  from  the  spacecraft  hatch to adapter pigtail -in 
flight. In the  simulation  this  movement  took 145 seconds.   This time 
variation  was  caused by  two interruptions in the  simulation to position 
the  rfsnaking If umbilical. A description of this motion in flight was 
given b y  A ldr in .  

Aldrin - flabout that time,  we  fed out the  remaining  part of the 
umbilical. I stopped about this  time to make  sure that the  um- 
bilical looked  like it was  routed in the  proper  fashion a n d  wasn ft 
tangled  around  anything. It seems to me  as I started  moving 
along the  handrail that the umbilical did start to snake . . . I star- 
ted  moving  back f rom that  position dong the  handrail going back 
right hand first so that the left side of me  where  the umbilical 
was  attached,  was  trailing so that the umbilical was out  behind 
me and moved  back out toward  the  adapter  toward  the  pigtail. 
As I got to the  edge of the equipment  adapter, I could see  that 
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the  loose  primer  cord that I had noted  during  the first standup 
E V A  was not a s  rea l ly   hose  in that there  were not so many 
pieces around there to present  any  problem at all. I just   for-  
got  about  trying to pudd any  of that off. With m y  right' hand I 
got  a hold of  the pigtail a n d  made sure that it was  secure and 
locked and wouldn It swing  €reedy. From that position I pushed 3 
little bit to the  rear of the  spacecraft and  made sort of a  combin- 
ation  turning  maneuvep b y  pushing to the  rear and then  restrain- 
ing myself   from going further to the rear   by  holding  on  the pig- 
tail. The  net  effect  was to turn me around  the  corner. I 
turned  around  the  corner and with right hand first, I got hold 
of the  handrail  back in the  adapter. I found  myself in pretty 
good body  position to get ready to thread  the umbilical through  the 
pigtail. Around in this  area it s eems  to me that I did have  to 
use  a little bit of  torque with one hand on  the pigtail to push   my  
feet  down  a little further  because  my head was tending to float up 
at the time  that I was going  around  the  corner. I 

\ 

At this  point in the  time  line  the pilot experienced an interesting  infor- 
mation crossover  from  the simulation. The original Gemini X I  EVA 
misrsion plan  was to evaluate  the  astronaut  maneuvering unit (AMU).  
Aldrin  was training f o r  this  mission  when  the  AMU  configuration  was 
cancelled.  The  mission  update  included  changes in the foot restraint 
position.  When  preparing to enter  the  adapter  work  station,  Aldrin 
experienced a  moment of disorientation. 

Aldrin - f f I  then  started  moving  toward  positioning  m yselt: in foot 
restraints. I guess that one  becomes so used to .going from  this 
position to the foot restraint  directly as in the  AMU  operation that 
I looked  down f o r  the €oot restraint and  all I saw  was  a blank 
recess  in the  thermal  curtain  where  the  AMU  foot  restraints 
were going to be. I thought, gee,  what  happened to the  foot 
restraints. I can I t  even  see  them.  They  were up the  other 
w a y  so I had to yaw  around to the  right  which  meant  that m y  
feet  now  were going  about where  the umbilical was coming  through 
the  pigtail. 

This  emphasizes a n  important asset of the  underwater  training  simula- 
tion which  the  astronaut.  commented on in the  debriefing. 

Aldrin - ??There  are  two  ways that you  can  go  through  the  um- 
bilical;  You  either  find  yourself  going  through it headfirst and  
the umbilical would then  be  around  you,  or  you  find that the  um- 
bilical i s  in front  of  your  feet and you  lve  got to step  over  it. 
Both  of  these situations I had experienced  under  water and  had 
been  able to step  through it b y  holding on the umbilical a n d  with 
its  own stZness direct it with your hand away  from  your  feet. 
It tends to move  away  as you can bend your  legs a little and 
move  them  through. iY it is the  case of moving it over  your 
head,  why that Is  fairly  easy to do also. Then I moved so that 
I had one hand  on  both of  the  handrails and sort of  lowering m y  
body  down into the  foot  restraints. 
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Adapter  Work  Station Came= P l a c e m ~ e  - The flight  time  line  contin- 
ued  to lag behind the simulation time  line.  The pidot spent considerable 
time  tryigg to Eix a  broken dinkage in the  camera-  bracket, and in try- 
ing to determine if the  camera was operating in flight. T h k  required 
approximately 142 seconds. Camera placement in the simulation  took 
73 seconds.  This task was  followed in the  simulation b y  a period OE 
neutral  buoyancy  aGustment. 

Rest - Aldrin  rested  for 111 seconds after his  rebalance  break.  This 
was  his  fourth rest period in the  underwater  simulation.  The  rest 
period in flight lasted 5 7  seconds.  Aldrin  interrupted  this  fifth orbital 
rest period to begin the foot restraint  evaluation.  The  task  sequence 
varied  from  the simulation at this  point. In  flight,  the  astronaut  placed 
the umbilical in the umbilical clip before  his rest period  commenting 
that it was  more  convenient at the  time. I n  the  simulation,  the pilot 
spent 2 0.3 seconds  prior to the  foot  restraint evaluation  placing the  um- 
bilical. Here again the simulation experience  streamlined  the  astro- 
naut  flight performance. 

Foot Restraint  Evaluation - The  foot  restraint evaluation  took 2:5O in 
flight.  This  was 83 seconds  longer than the  same evaduation in the 
water simulation. Astronaut  Aldrin  described  the orbital foot  restraint 
evaluation and its purpose in his  debriefing. 

Aldrin - ' A t  this point we went  through an evaluation of the foot 
restraints  as  far  as total  mobility g o e s .   m a t  I really intended 
doing was  to  compare in a subjective  way  the amount of mobility 
that a person  has with these  foot  restraints in comparison with 
things that I had experienced both f rom the zero g  airplane and 
under  water. I did this b y  moving from  the  left  over  the  right 
and standing m  yseE up a little bit and back  down bending m y  
body  down to get to the top and the bottom of  the  work  station. 
I wanted to s ee  jus t  how well leaning  back  compared to under- 
water operation and in the  airplane. Up to  this  point,  evsry- 
thing was  very,  very similar in the  way that the foot restraints 
allowed  me to move my  body  around.  Even in leaning back, it 
seemed  as though I could do this quite well. I did note  that 
there  was  a little bit more  leg  tension  required to lean  back to 
the  same  degree. Tha,t is, leaning back so that the axis of m y  
back  was  essentially  parallel to the  spacecraft longitudinal axis. 
T o  hold this  position  required  a  fair amount of force on the l e g s .  
When I released  this I gradzady drifted  back  up. It is very  
easy  to hold a  neutral  position from 30 to 40" rodled from  the 
foot  restraints  to roll pight.  You could also  pitch back about 40 
to 45  degrees with very little strain 09 force and you could turn 
your  body  somewhat to each  side.  The  real  test  of  course  comes 
when  you  start to do torquing  type  operations  where  you  exert 
forces  against  the top of the  boots.  This is the  prime  purpose 
of them to keep  you  from floating away  from  them. I think both 
Gene and I decided in Q U ~  training  that the  foot  restraints, if they 
operated as  they had in training, that they would enable  a person 

68 



to do just about any  task that he is able  to do in 1 g .  I f  we 
establish that this was .!x fact true,  then  we would move  on and 
do things on the  waist tether. I can say  now that the  best re- 
straint  system that we have e v e ~  seen for doing any EVA work 
is undoubtedly  foot  nz&Taints.  We don It want anyone to think 
that just  because  we lye, concentrated  on  waist  tethers tha.t they 
are  better.  They are not.  Foot  restraints  give  you  the  best 
freedom  of action. They  give you  the  beet  restraint  system  for 
operating and a  fairly  wide  region with respect  to  the  foot re-  
straints.  You  can I t  move  too far  afield,  just  by  the  fact that 
they  are  fixed. I think if I had to compare  foot  restraints  loca- 
ted in a  certain  place for an  optimum work station  with a waist 
tether  hookup that was  also located in an  optimum fashion for 
that same-  work station I think  that you  have  more  freedom  of 
action with the  foot  restraints. If  

Work  Station  Preparation - Following  the  foot  restraint  evaluation, 
Aldrin deployed  the  work statiolz penlights and tried  to  activate 
the  camera.  These  tasks  took 38 and 40  seconds  respectively in 
flight.  The pilot began  his  sixth orbital rest  period at this  point.  The 
res t  lasted 2:09, and was  followed  by  another attempt to  activate  the 
work station camera.  This  second activation  attempt was also unsuc- 
c e s s f  ul . 
I n  the simulation the  foot  restraint evaluation was  6okwed  immediately 
b y  the  fifth  rest  period.  The  task  sequences difYered in the  flight and 
simulation modes  because  Aldrin 1s simulation  training  allowed  him  to 
optimize  his  flight  time  line. The  failure of the  camera  was an unex- 
pected  problem and caused  further slippage in the  time  line. 

Adapter  Work  Tasks - Tables XZV and XV are detailed analyses of 
the  adapter  work  tasks f o r  the flight and  the  simulation. The  f irs t  
work  task  performed  was  torque evaluation. DifKcuKty in removing 
the  torque  wrench  from its pogch  caused  the task to  extend f a r  past 
its scheduled  time.  The  torquing  operation  was  to  be  performed  first 
on a 1 / 4  and then  a 1 /2  f t f i x e d  bolt shown on the bottom center of 
the  adapter  work  station,  Figure 5 - 2 7 .  The  torque  wrench  was 
equipped with a  visual  readout  gauge and  could operate in both clock- 
wise and counterclockwise  directions.  The  astronaut  evaluated  torque 
operations  first in clockwise and then in a  counterclockwise  mode at 
the 12, 3,  6 ,  and 9 o lclock  positions,  commenting as he  proceeded. 
The  torque evaluation was f b s t  pepformed using the  foot  restraints 
only.  In  a  subsequent  period,  he attached both waist  tethers and r e -  
evaluated  the task. He noted no particular  difficulty in exerting  torque 
at any  of  the  positions  evaluated  fn  either  flight  or  preflight  modes. 
Aldrin  describes  this orbitad task in his  debriefing. 

Aldrin - IIGoing to  some of the tasks in the  adapter,  the  pouch 
opened up rather  easily;  the  wrench had a  strap  around  the 
handle and it looked  like this wasn I t  velcroed  in; that it was 
stitched  in.  Evidently  there  was  a loop in this  nylon  strap that 
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was made  just  the  right  size  €or  the handle to  slide  into. Well 
the  heat  must  have  gotten into this and shrunk it up because 
when I went  to  pull it out, it wasn't about to  come  underneath 
this  strap. I looked to see  if it was  velcroed and it didn I t  ap- 
pear to  be at all. This  cost  maybe a minute or  so to try  and 
figure out just  how  to  get that  out. I pulled j u s t  straight  away 
on the  wrench; it didn I t  line up the  way  the  strap  was on it. 
It tended to be  twisted  which didn t t  let it slide freely .  S o ,  I 
had to get  two  hands in there and pull  in  the area  where  the 
strap  was and pull  the wrench  out, and it finally  came  loose. 
The  wrench  looked  like it was in good shape, so I proceeded 
to the  torquing  operation,  which  consisted  of  looking at clockwise 
operation at four  different  places  around  the  clock and then r e -  
verting to a counterclockwise  operation.  This  was on the 
1/4 inch head  bolt. I found that the  second  time I torqued  the 
wrench up to what I felt w a s  a near maximum  level without 
really straining myself;  this  was in the  vicinity of 200 to 250 inch 
pounds, the wrench  snapped in some  fashion. B u t  when I 
looked at the pointer, it was no  longer  zeroed. It w a s  sitting 
at about the  half-way  point. I didn I t  think it was  particularly 
meaningful  to  evaluate  any  torque  numbers that I was able to 
read out from that  point on. I tried  to j u s t  torque it around  to 
reach about 180 degrees  from  where I started  out. I figured 
that  that was a near  maximum  torque. n 

The  second  task  was an evaluation of an electrical  connector.  Three 
electrical  connectors  were available in the  adapter  work  station; a 
starboard, a port,  and a center  connector.  The  starboard and port 
connectors  were attached by  a multi-strand  cable. A center  con- 
nector  separated  the  cable into two  halves and required a two handed 
operation. The connection broke into units of  approximately equal 
lengths and diameter.  The  two  sections  were mated by  lining up col- 
ored  index  marks and p r e s s  fitting  them into  one  unit. A lever on 
the le& section  was  then manipulated to  tighten and lock  the unit. The 
disconnect  procedure  was  the  reverse of the  connection  Dperation. 

Aldrin  commented that the  center  connector  was  slightly  more  difficult 
to line up than  the others.  This  was accentuated on waist tethers 
when  restrained  by  the  foot  restraints.  Aldrin  suggested the use  of 
only  one  index  mark painted  with a light color to expedite  the  con- 
nection. It became  difficult  to  distinguish and match  the  multi-colored 
index  marks on the  connector in low light  conditions in space.  Using 
a light color  such  as  white, and only  one  mark identification would be 
simplified. 

Aldrin - n The  center  connector;  there  was no particular  problem 
in doing that. I had to  unpack  the  Velcro first  before I could 
get it f r e e .  It Is a two handed operation. With two  hands and 
a good restraint  system  there  is  no  problem at all in lining some- 
thing up ,  because you hold it right in front  of  you, both ends 
were  loose.  That kind of an operation is very  easy.   Part  of  
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that made it difficult  was that once  you had them dined up, and 
while they  were still  lined up and you  were  pushing  them to- 
gether, you had to f ind a f inger  somewhere  or thumb that you 
could start  turning  this docking device that only had one  pin that 
stood out on it. There  may  be  another  way to do it. Maybe 
you could just  grab a hold of that part right there and  push it 
into the  other  one and turn it.  Maybe I lve been doing the  whole 
thing  a little bit more difPicult than it should  have  been.  But if 
that Is the  case,  then  the  index  marks  are  useless,  because in 
grabbing ahold of  the  thing,  you would cover up completely  the 
index  marks. We ought to  be able to  atford  to  put  more  prongs 
out there than just that one fo r  that  kind of a task.  You  just 
don't  hook  something up  and then  take  your hand off and find out 
where  this thing is. 1' 

Love11 - ''Do you think the  four  prong, that we had on there 
originally was  better than the  one  prong?" 

Aldrin - "There  is   no doubt about it; four  are  better,  you don I t  
have to pre-position  the  locking  device.  You  can jus t  leave it 
wherever it i s  and you  can  always  get ahold of one prong  or  the 
other. I f  one  of  them  doesn I t  engage  the f irst  time  you  turn it 
around, you can  catch  the  next  one as  it comes  around.  The 
situation that comes up with  the  one prong is that  you position 
it where you  think it is. going to  be okay, you pu t  the two  to- 
gether, and you- find  that you've got  to push it all the way  around. 
S o ,  now  you've got to  bring it back again and recenter  the 
things. ' 1  

At  the  end of the center  connector  evaluation,  Aldrin  took  a  scheduled 
res t .   The  time  interval fop  the rest  period in the  simulation was  two 
minutes, in flight  the rest  interval  was 1 :35. Aldrin noted during  this 
seventh orbital rest  period that  a crease in his  right  glove  was  begin- 
ning to  "give  my hand a little bit of a problem. 11 He  made  no mention 
of this  problem  later in the  flight o r  in his  debriefing. 

The  second  session of adapter work  tasks began  with an evaluation of 
the  cutter  tool. I n  his  debriefing  the  astronaut  discussed  this task a n d  
its  comparison with previous training simulations. 

Aldrin - 1' The  cutters  were painted black. It looked  like  a  heavy 
coat  of black paint.  The  restraining  system on the cutters  worked 
fairly  well. It takes a little extra  time  to  open it up,  put  the 
f ingers with your hand into it, a n d  then tighten the  strap  on top 
of  it, but I think  that work is well worth  the  effort  because d u r -  
ing any  subsequent  operation with it you jus t  don't  worry about 
where that cutter is because it is sitting  right there on your  hand. 
The unlocking of  the  cutters  was not  too difficult. I think  that 
strap that was on them  was a little bit too  long. Cutting the 
wires.  . . . . .I cut the  medium  one first and took a little bit more 
effort  with one hand than I thought it was going to, but on  the 
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second  squeeze it cut through without too  much  difficulty. Then 
I took  the  smaller s t rand  and cut through that  quite easily  the 
first time.  Then, I went to the  fluid QD. I Id never  been able 
to  cut  one of these  before in training periods  because  the  cutters 
were  either  rusted  from  underwater  operations or we  were maybe, 
saving  this for  some  other  work.  I had tried it with training 
cutters, both  one hand a n d  two  hand, and was unable to  get 
through  the  wire. I tried that a  couple of times and saw it just 
wasn I t  going to  make it. S o ,  then I moved  over  a little bit in 
the  foot  restraints and got  both hands  on it and squeezed  hard and 
it cut it in two. 

I think  that this  points out that this kind of a task would have 
been  impossible without a very  good restraint  system. I think 
the  waist  tethers would have handled  that if  you could have  stayed 
in position, if the  work station was up high enough.  The  two 
foot  restraints enabled me to get  over  there in good working  con- 
dition to  get both hands  to  squeeze  on it. * 

The command pilot realized that their  flight  time line was falling behind 
the  water simulation  flight plan, and  from  this point on he attempted to 
keep  the pilot on schedule.  The  water simulation cutter  task  lasted 
3 :25. Aldrin  used 3 :29 f o r  this  same  task in flight. 

The astronaut  stowed  the  cutters and began an evaluation  of  the  adapter 
work station pip  pins and portable  handholds. I n  the  water  simulation, 
Aldrin  spent  only 48 seconds on this  evaluation.  He noted  that the 
portable handhold Velcro did not seem to  be 11 holding up in the  water 
mode, and he  felt that this  was  the  reason  the  torque load capability 
of these handholds was l ow .  His  subsequent orbital  evaluation showed, 
however,  that the  water simulation had ,been quite accurate in depicting 
the  torque  capability of the  portable  handholds.  Aldrin  took 2:  04 to 
evaluate  this task in flight 

Aldrin - 1 1  The pip pins  came out without any  problems and 
stowed in the  star  fittings, and I positioned  them so that they 
wouldn I t  get in the  way  of  any  torquing  operation or the  left 
hand disconnect.  Handholds  were  repositioned so that they  were 
in a  slightly  better location as   f a r   a s  not interferring with the 
waist  tether  hookup.  The  Velcro on  the  portable  handholds  gave 
a very  shaky handhold really. I didn I t  get  a  chance  to  fully 
evahate  the handholds a s   f a r   a s  how  much  torque  you could put 
on them  back  there, but it wasnlt   very  impressive at dl. I 
think you Id be  better  off  grabbing hold of just about  anything you 
know is secure.  It may not  be as  good a handhold as the  por- 
table ones  are.  Of  course, if you  have nothing on a  flat  surface the, 

you  have  to  put  something  on, but that Velcro j u s t  didnlt  appear  to 
be  adequate at all to  go into that kind of an operation. 11 

I n  orbit,  Aldrin  began  the  Saturn bolt task with a 1 :49 evaluation in 
the  foot  restraints.  The  task  consisted of removing and replacing  a 
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bolt mounted in the  lower  center  of  the  adapter  work  station.  Aldrin 
attached his  waist  tethers and removed  his  feet   from the  foot  restrainh 
after  determining that bolt removal  was  extremely  easy  when using  the 
foot  restraints.  Aldrin  spent 1 :5O removing  the bolt f rom its recep-  
tacle  using  waist  tether  restraints.  The  rubber  retainer  strap  designed 
to  capture  the bolt when it was  removed did not function  as  was  ex- 
pected.  Aldrin  describes  this  task and the  problems involved in his 
d e  briefing. 

Aldrin - 1 f . I  took  the  wrench off the  Velcro and started  working 
on the  Saturn  bolts;  torqued it out to about a haE way position 
where it waa obvious that it was  fairly  easy  to  work  from that 
point  on. As in training, I found that in trying  to  rachet it 
back  to  the free wheeling  position it also  tended  to  turn  the bolt 
back in again. S o ,  I had to put  a side  force on  the bolt  and 
wrench during  this  operation and enough  friction in the bolt and  
its threads so that it would overcome  the  rachet  friction so that 
I wouldn I t  lose  everything I had gained in the  previous  stroke. 
m e n  I got  to this  point, I decided,  well, I l l 1  take it out the 
rest  of the way with my  f ingers .  I said,  well, it looks  like  this 
operation will be  fairly  simple so I Ill stop at this point and stow 
the  wrench and do the rest  of it in the  waist  tether. I hooked 
up the  waist  tether to the  lower attach points and took my  fee t  
out of the foot  restraints, tightened up the  waist  tether to 3 to 
4 inches from full  extension.  The  waist  tether attach points  relq- 
tive  to  the  Saturn bolt operation is far  from  optimum.  The waist 
tethers  are  far too close.  The  right waist tether  gets in the  way 
of  the  wrench a s  it Is turned a n d  the  left  one is j u s t  too f a r  up 
to get a good spread  type of stability for any  differential  body 
torques that you  need. B u t  we  knew that right from the  begin- 
ning. S o ,  I u s e d  the wrench and loosened it up ju s t  a little 
bit more a n d  put  the  wrench  away and started taking the bolt  out 
with my  f ingers ,  twisting it out, and I discovered that the r e -  
taining washer that had been put  on there attached  to  the rubber,  
wasn I t  coming out with the bolt. It was staying  attached  to the 
protrusion in which  the bolt was  screwed into. S o ,  I got  the 
bolt all the  way out and was holding it in m y  right hand and then 
with m y  left hand I tried  to  loosen  the  rubber  because  this  whole 
arrangement  was  covering up the  other hole  that I was  supposed 
to  put  the bolt back  into. S o  b y  pulling away at the  rubber it 
finally  came loose. The  reason that it was  s tuck  I tm sure again 
was the heat problem melting a little bit of  the  rubber  against  the 
metal. 

The ditficulty  encountered with the  retainer  ring  caused  Aldrin  to  use 
both hands in removing  the  bolt.  The  use of two  hands,  close  to  the 
body, is sometimes a difficult task in the G-4C space  suit.  The  astra- 
naut  noted  that this  particular  operation was  tiring,  and, at this  point, 
he  interrupted  the  Saturn bolt evaluation and took a 1 : 04 rest  period. 
Following  this eighth  orbital rest  period,  Aldrin continued his  Saturn 
bolt evaluation fo r  3 : O l .  During  this  period,  he  replaced  the bolt in 
its receptacle, commenting  that  the #Saturn  bolt workspace is way 
too  close  to  the  waist  tethers. ' I  
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Aldriq - I f  Then I started  trying  to  position  the bolt to get it in 
and it didn I t  want  to dine  properly.  I was using  the  left  hand- 
hold, I think,  trying  to  line it up. I started  twisting,  trying  to 
very gently  line it up so that it was lined up perpendicular  to  the 
hole. I twisted it, trying  to  engage it, however,  this  took,  per- 
haps,   four  or five attempts  before I finally got  the  threads  to 
engage. I tightened it up with my  f ingers  to about the  half way 
point and picked up the  wrench and changed  the  setting  on  the 
wrench and started torquing it up again. And again I found 
that I was unracheting about everything I was putting in trying 
to tighten it up so I had to use that technique  of  either holding 
the  socket with m y  left  hand, so that it didntt  undo what I was 
tightening up, or to  put  a  twist on the bolt creating a torque 
against  the  threads, while I was in the  recovery position f rom 
the tightening operation, It finally tightened all the  way up and 
got it to a reasonable high torque  level and then  we  forgot about 
that operation. 

I n  the  water simulation time  line,  Aldrin did not take a rest  period 
during  the Saturn bolt  evaluation. After a 1 :43 evaluation of  the bolt 
using  the  foot  restraints,  Aldrin attached his  waist  tethers and spent 
6:47 removing and  replacing  the bolt. It is interesting that the  same 
difficulty  was  encountered in the simulation  with the  rubber  retainer 
strap.  The pilot commented that he  Ifbroke  the  retainer  strap I I  d u r -  
ing the  loosening  operation. 

The  next scheduled  task  was  an evaluation of  the proper  size  hook 
and rings  to  be  used  for  semi-permanent  equipment  retention.  The 
hosk a n d  ring  evaluation  took 3:23 in space and lasted 3:20 in the wa-  
ter qimulation. In  his  debriefing  the pilot describes  the details of  this 
orbital  evaluation. Except   for  small  variation in the  hardware  the  simu- 
lation task  was  essentially  the  same. 

Aldrin - IrWe went into the  hook and ring  connection and this 
operation was quite similar to the  underwater  operation. I think 
under  water  the  hook and the  ring  both,  of  course, don I t  float 
as  they do in space. I took  the big hook a n d  hooked it to  the 
big ring and  the little hook  to  the little ring a n d  then  a  modest 
combination of hooking them all together. I could see that the 
rings  were  bigger in this flight  item  than they  were in the  train- 
ing item and I wasn I t  going  to be  successful at all in getting the 
big hook  around  the big and little ring and  little  hook also  around 
the big and little ring  because  the little  hook was too  small  to  put 
both rings in. S o  I let it go. I actually  decided at that  point 
to  disconnect  everything and hook it back up to  the original place. 
The operation would have  undoubtedly  been  simpler in the  foot 
restraints.  But again it was a two handed  operation and you had 
restraints - gross  restraints - with the  waist  tethers.  You  wereq ' t  
concerned about where  the  body  was going a n d  as  expected,  the 
body  just had a tendency  to rise up a s  you started doing an oper- 
ation with your  hands, positioning the  waist  tether attach points 
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down from where  they  were attached t p  your  body.  Then  you 
just had a  natural  tendency  to dr i f t  to  a  place  where  the  lines- and 
the  waist  tether attach  point to  your  waist  to  structure  was in a 
downward  direction  to.  your  body. " 

N d r i n  w ~ s  asked  whether  the big rings  were  better than  the  small 
ringp . 

Aldrin - ? I  I think the big dzerenee  is not the size of the  ring 
a8 much as it is the big ring  has  the  rigid  bar attached to it e-- 
abling you  to  get  your hand away  from the ping a n d  hold it. with. 
the little ring  you pve got to  get  your  fingers  right on top of it to 
keep it from flipping back and forth. I think we can deal with 
little hooks about as  well a s  big hooks. 

After completion of the  hook and ring  evaluation in the  water  simulation, 
Aldrin  took  a 2 minute rest period  on  waist  tether  restraints  only. 
This  was  the  pilot's  'seventh  water simulation rest. In flight,  Aldrin 
began  his ninth rest period  immediately  following  the  hook and ring 
evaluation. The  period  lasted 1 :3l. During  this  time,  the pilot and 
cQmmand pilot reviewed  their  check  list  for  the  subsequent  task  pro- 
cedures.  

The final  group  of orbital adapter  work  tasks included  the velcro  strip 
and electrical  connector  evaluations.  The orbital Velcro  strip  evalu- 
ation lasted 36 seconds.  Aldrin  used  this  task to evaluate  the  overall 
work station  position  with respect to  the  foot  restraints, a n d  also to 
compare  the  various  simulations in terms  of  task  difficulty. 

Aldrin - t?Pulling the  Velcro  strips  down in one g takes a con- 
siderable  stretch.  In  the airplane it 1s convenient  to d o  and un- 
der the  water it is  fairly  convenient. It was as  easy to do in 
zero g as  it was in both of  the  training  situations,  water and the 
airplane. S o ,  that  kind of a  height is accessible from the  foot 
restraints. It is not one  where  you Id like  to d o  a lot of  effort. 
As I recall, I worked  across  the  Velcro  strips  from left to 
right and  did them all with the left hand except  the  last  one on 
the  right  which  was  the big Velcro  strip. 

Command Pilot Love11 noted  that the orbital time line was  ?Ifour  min- 
utes behind schedule t? at the beginning of  the  Velcro  strip  evaluation. 
The  Velcro  strip evaluation  took 30 seconds in the Simulation. 

In Figure 5-28, Aldrin is seen during an evaluation of the  center 
electrical  connector.  The  adapter  work station  contained three  elec- 
trical  connectors.  The  ??starboard t ?  connector  was not  available for 
the  preflight  water  immersion  simulation.  Astronaut  Aldrin  used  the 
fluid cpnnector,  also on  the  right  side  of  the  work station panel,  to 
simulate  operation  of  the  Itstarboard I? electrical  connector.  Comment@ 
f ram A l d r i n  Is orbital E V A  indicate  that he had no  difti'culty  whatsoever 
with the  ttstarboard  connector while  in the  foot  restraints or on  the 
waist  tetherB.  Table XLT summarizes  the  performance  of  the  electrical 
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connector evaluation and details  the  time intervals for  the  flight. and 
hater simulation . Connector evaluation  w.as performed with tethers Qnly, 

Aldrin,  describes the overall  connector  task in his  debriefing. 

Aldrin - The  center  connector  was a good bit more  difficult 
'this time  than it was in the  foot  restraints.  My  body  tended  to 
rise up a little bit. Again I think it was  more a problem  of  the 
bar that was on  the  locking device. The left connector in the 
waist  tether  configuration is a dzicult  connector  to  make  be- 
cause  the  only  place  you  can hold on  with the  right hand is a 
good ways  away  from  the  connector that yourre  making.  The 
waist  tethers  cannot  give  you  enough  stability  to  line up the  con- 
nector  perpendicular  to  the  surface and at the  same time let you 
play with the  finger  operation to get  the  locking  bar into position 
so that you  can  twist it in.  This  requires  pushing against  the 
surface.   Now it may  be that 3 you  really take pains and cinch 
up the  tethers  fairly tight with this  special  operation that this could 
be done in an easier  fashion.  The big point to  make  here is 
that two handed  operations,  where  you  can hold on to  both  end4 
of  the  connectors and  then  line  them up right in front  of  you, are 
simpler  to do  than just a  one handed operation  where  the  other 
surface is f i xed  and you  now  have  to  position  your  whole  body 
and  everything with respect to  the  surface.  Another  factor that 
I think had a  bearing  on  this is that I Im right  handed and this 
was a l& handed  connection. I think  that tended  to  make it a 
little bit more  difficult. I would have  far   preferred to  have done 
that  with the  right  hand. I snuck in  a  quick  evaluation of the 
right hand connector  because  we didnrt  have that  on the  check- 
list and  it is a fairly  easy  connector  to  make.  We had them up 
in the  nose, and I wanted to  compare  that.  This  airlock  con- 
nector on  the  right  side is a very  neat  connector, quite easy  to 
hook and to  connect and disconnect. Itrs a  right handed opera- 
tion. It )s a  straight  twist  to  disconnect and  fairly  small  force- 
inward  force-required  to  get it lined up  and the  alinement marks 
are  simple.  There is no  prepositioning  of  the  bar  required. 
The alinement  to  engage  the pins  seemed  to  take  care of itselE. 
The  only thing you  have  to do is position  the  connector in the 
right  place and twist and push in at the  same  time and just  keep 
doing it and you Ire bound to line them  up. 

Upon completion  of  the  adapter work  task in flight,  Pilot  Aldrin  began 
his  work station cleanup.  This  cleanup  task  lasted 2:14, during 
which  time  Aldrin retrieved his  work station camera,  retrieved  his 
portable  handholds and made  a quick  evaluation of  the  one  foot re -  
straint  configuration. It was at this  time  that  the  astronaut  discovered 
the faulty  work station camera.  Aldrin  describes  his actions in the 
debriefing. 

Aldrin - ?'I hooked  the  waist  tethers  to  the  portable  handholds, 
slapped  them  on  the  chestpack and they held fairly  well. I took 
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one  foot out of  the  foot  restraint,  moved  around  a little bit, and 
then  went  to  picking up the  camera. I found that the  camera 
wasn I t  going to  come ofE, very  easily.  Incidentally,  a little 
earlier in the  operations  when I discovered  the  camera  wasn I t  
working,  during  the rest period I decided  to  go  eyeball  to eye- 
ball to  the  lens  to see if I could see  it clicking and I couldn I t .  
S o ,  I thought,  well, I haven I t  seen it go  before in training, so 
just  to  make  sure that it is operating, I put m y  hand on it and 
couldn I t  feel anything  moving at all. This is fairly  early in the 
operations. S o  I asked  Jim  to  check  the  switches  to  see iE they 
were  on. I hit the button  again, which  should  have  stopped it, 
a n d  I checked it again and it wasn't  working. S o  we  recycled 
the  procedure. I checked  the  plugs and at that time I got  the 
definite impression that the  camera  was  warm. I was  feeling 
this  through  the  gloves and there is no doubt that I had the sen- 
gation of  heat going  into my  gloves   from the  camera. I couldn It 
tell  whether  this  was  due  to  the  camera  operation and slipping, 
just not  engaging  the mechanism,  or  whether it was due  to  the 
sun.  This  check  was done before  sunset.. . 
I was  trying  to do this  (camera  removal) initially  with one  foot 
and  when I had a little difficulty, I thought,  well gee,  let Is  see  
how getting the  problem  done with one  foot  is going to  be. So, 
I spent  a little time  trying to do it and decided  that  the best idea 
was to put both feet  back in again and go  back  after  the  task. 
Finally, b y  again  sticking my  f ingers  into the latching mechanism, 
I was able to  dislodge it  and eventually to break it free.  I theq 
pot the  plug  undone and attachment on. I attached it to the 
E L S S .  

Aldrin  commented  on  suit heating d e c t s  while in the  adapter  area. 

Aldrin - ItJust before  sunset also, I might add,  the  spacecraft 
was held inertial and the  sun orientation was  such that as  it was 
setting it was shining directly into m y  buttocks  region.  The  co- 
vering on the  suit,  of  course,  covered  the  zipper  down  to a 
fairly  low point  in my   back ,  but below that I could feel  a  definite 
warmth along the  zipper  line, in the  crotch  area. As I nestled 
down  against  the  suit,  just  to  check and see  how  warm it was,  
I could feel  very localized  heat and it was  obviously  coming  from 
the  metal  zipper. It wasn I t  objectionable. I didn f t  notice  any 
total  heating resulting  from  this.  There  was  no  work that re -  
quised  your, body  to  be  positioned in the  suit such that you  were 
forced against  this for   any  amount of  time. It tends  to  confirm 
the  results that we had from  Gemini XI:  that when  those  zippers 
are  exposed  to  heat it absorbs a tremendous amount  of solar 
radiation and transmits it directly  to you. 

Fsllowing  the  adapter  work station  cleanup tasks ,  Pilot Aldrin  moved 
out of the foot  restraints and moved  back to the  spacecraft  hatch. 
This  movement  task  took 31 seconds in flight.  Figure 5-19 depicts 
bhc pilot ' E  position as   he Itrounded t' the adapter  pigtail. 
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Aldrin - "I clipped the umbilical and stood b y  to  maneuver  a- 
round  to  the  front.  We  went  through  the  necessary  steps  to  turn 
the  camera  off. I don I t  recall  feeling at  all tired at this  point. 
Nor  was I warm.  The  sun  came up and there  was nothing that 
prompted  me  to think in terms  of  changing  the  flow  setting. I 
just left it where it was and started  maneuvering  around. I got 
m y  feet out of  the  foot  restraints and came  around  the  edge and 
just  before coming  around  the  edge  unhooked  the  umbilical f rom 
the  pigtail. This  was nominal. I got it free f rom the  area and 
in  coming  around there  was a  slight tendency  for   my head  to 
dr i f t  toward  the  edge.  Again I used  the pigtail to  torque m y  
body  down  a little  bit. 

I n  the  water  simulation,  Aldrin  rested f o r  3 : l O  immediately after his 
work station cleanup.  This  was  the ninth rest period in the  simula- 
tion run,  and was  followed  by  an attempt to secure  the  portable  hand- 
holds  to  the E L S S .  I n  the  simulation,  this rest period and the  sub- 
sequent  restraint evaluation task.  were  prolonged  to  ??eat up time ? ?  

because  the  command pilot felt that they  were ahead of  their  flight  plan 
schedule.  These  prolonged  rest and restraint-  periods  were  followed 
immediately b y  a movement  to  the  spacecraft  hatch,  which  required 
64 seconds. 

At the  hatch area,  Aldrin  stowed  the  work station camera and acti- 
vated the  retro  adapter  camera.  In  orbit  this  task  took 2:34. I n  
the simulation the same  task  took 2 :33. The time  variation  can  be 
attributed to  the  fact that the  work station camera  stowage  was partially: 
simulated in the  water  mode.  Aldrin  rested  for 45  seconds at this 
point in the  simulation.  This  was  the  tenth  rest  period in .the  simula- 
tion.  Immediately  following  the  camera  task in flight,  Aldrin  moved 
forward  from the  hatch  to  the  Agena  work  station. At this  point in 
the  flight,  film is again  available for  comparison.  In orbit  the  move- 
ment  took 1 : l4 .  I n  the simulation the same  movement took 1 :O5. 

T D A  Work  Station  Tasks - I n  both  orbital and water  simulation, 
Aldrin  began  his TDA  work   tasks  with  an initial placement  of  the  pip 
pins and portable  handholds  carried  on  his  chestpack  from  the  adapter. 
I n  the  water  simulation,  Aldrin  spent 2 : l O  on  this initial placement 
task.  He  then rested f o r  a  scheduled 2 minutes. I n  his orbital EVA, 
Aldrin  spent  2:l3 on  basically  the  same  placement  task. A t  the end  
of  this  time,  the pilot requested a rest period.  He rested 3 :  07. This 
was  Aldrin )s tenth  orbital rest period. 

It should be noted  that this  was  one  of  the few  times  Aldrin  requested 
a rest period.  Using  the  onboard  voice  recording  as an  indication,  a 
note of  trtiredness ?I  was  detected  as  Aldrin reque'sted  this rest. It 
qppears that skbping  the rest periods at the  spacecraft  hatch  area 
prQved unwise, and the  cumulative  effect  of  movement,  camera  place- 
ment a n d  another  movement caught up with the pilot as  he  began  his 
first T D A   w o r k  task. Subsequent biomedical analysis tends  to  sub- 
etantiate  thiq. Variation in the  task  procedure  between  the orbital an# 
simulation  mode@ could also partially  explain  the  marked  separation be- 
tween  the  work load rates  during this final  phase  of  the umbilical EVA. 
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The pilot began  his  eleventh orbital rest period  immediately after this 
second TDA  work  station task,  Group B .  This orbital rest lasted 
1 :54. From the  onboard  voice  transcript it appears that Aldrin did 
not really rest during  this  period, but was  working on  the T D A   w o r k  
station. I n  the  simulation, Aldrin Is final rest period  followed  the T D A  
work  task and lasted 1 :55. This  was  the pilot I s  twelfth rest period 
in the  simulation. 

The final T D A   w o r k  station task  group  (Group C )  in space  varied 
slightly from  those in the  water  simulation. Here again,  the simulation 
training  allowed the  astronaut  to  streamline  his orbital task and make 
the  most  of  each  evaluation.  The  variation  between  the  flight and simu- 
lated performance  of  this  task  group  reflect  this  advantage. In the 
simulation, Aldrin  moved aft f rom the  Agena  to  the  spacecrd  hatch 
following  the TDA  work  task.  This  movement took 1 :04.  Aldrin  re- 
trieved the  retro  adapter  camera and handed it into the  command  pilot, 
making use  of  the  portable  handrail.  He  also handed in the  Apollo 
torque  wrenoh,  which  he had retrieved  from  the  TDA  work station. 
This took 2 :40, after which Aldrin  ingressed  the  epacecraft and stood 
erect in the  cockpit. Ingress  required 27 seconds.  Aldrin  proceeded 
immediately  to  detach and jettison  the  portable  handrail (28 seconds).  

The final  task in the simulation was hatch closure  preparation  lasting 
29 seconds.  During  this  time  Aldrin  checked  the  hatch  seal for   de-  
bris,  deployed  the  hatch hoiding device, and positioned and recovered 
his umbilical. Of these  three  final  subtasks,  only  the umbilical recov-  
ery  was actually performed. 

During  the orbital  umbilical EVA,  Aldrin  was  asked  to  observe  the 
left hand spacecrdt  thruster  system at the  end  of  his  last T D A   w o r k  
station task  group.  Aldrin  made  this  observation while  completing his 
work station  cleanup task.   The entire  task  took 41 seconds. 

Following  the  cleanup task,  Aldrin  moved  from  the T D A  to the  space- 
craft  hatch.  This  movement  took 51 seconds.   The pilot stopped on 
the  portable  handrail and performed  the optical surface evaluation. This 
evaluation was  performed at 4 :55 ( E T )  in the  water  simulation.  Aldrip 
spent 55 seconds attempting to  clean  the  command pilot I s  hatch  window. 
Aldrin  describes  this operation in his  debriefing. 

Aldrin - I t I  wiped off the  window  on Jimts  side.  The  handker- 
chief  came out quite easily.  There  wasn I t  any  particular  ten- 
dency  to  have it float  away.  This is obviously  a  one-handed 
operation. I held onto the  handrail again  with  an arm and a 
hand. I n  other  words,  the  arm  was  along-side  of it. and then 
somehow I used  my  feet against  the  handrail  because it went 
back along the  spacecra&.  This  gave  me  enough action  with an 
elbow  against  the  side of the  spacecraft, so that I could push 
against  the  window  fairly  well and was in a good position to rub. 
I could see that I was  obviously  rubbing  the  film  off  the  surface. 
I guess  I got it off ,   except  for that one  square that  heated  up. * 
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Ingress  required 1 :24 in flight.  Aldrin  performed a visual  thru8ter 
checkout  taek, and then  jettisoned  the  portable  handrail.  Handrail 
jettison  required 44 seconds. 

Aldrin Is final tasks prior to  hatch  closure  were  the  same  as in the 
water simulation. The pilot recovered and positioned  the umbilical in 
the hatch area, deployed  the  hatch  closing device and checked  the 
hatch seal  for  debris.   He commented that the seal was  clear  except 
for   some  f l ecks  of dus t .  Preparation  for  hatch  closure  required 1 :O5. 

The  preflight  water  immersion simulation of the  Gemini XZ umbilical 
E V A  established  a  target  flight  plan for  the  actud orbital EVA mis- 
sion.  The simulation was not  intended to  establish  a  definitive  time 
interval f o r  individual tasks.   The resulting orbital versus simulation 
tasks,   therefore,  varied in time  duration.  Figure 5-20 is a task time 
comparison  of  the orbital and  water simulation modes. It can  be seen 
f rom this  comparison that in the  early  portion  of  the E V A  most orbital 
tasks  were  longer than  the simulation mode.  Toward  the end of the 
flight,  the  time  lines  became  more  consistent but deviations of the  tasks 
were still apparent. 

The  astronaut's  natural  tendencies to proceed with caution in a new 
environment could easily explain  the increased time for the orbital 
t a sks .   In  his  water  simulation,  the pilot had practiced  the  tasks  many 
times and this  environment  during his final  preflight simulation was  more 
familiar.  Certain  of  the  prdlight  water simulation tasks  were  longer 
than  the orbital mode.  In  these  tasks,   such  as the  work station p r e -  
paration and positioning tasks,  Aldrin  spent  extra  time evaluating the 
best  possible  mode  of  task  performance.  His  objective  wax to stream- 
line these  tasks so that he could spend  more  time  on  the  important 
task  evaluations in flight.  The total time  line in space  was  only slightly 
longer than  the  water simulation  flight plan. 

Figure 5-21 presents a summary of  the  comparison  of  the  time  inter- 
vals  for  the  mq'or  task  categories  of orbital and water simulation modes. 
It is interesting  to  note  the  extremely  close  comparison fo r  the  work 
station tasks .   There  was a  relatively  large  difference  between  the 
orbital and simulation modes  for  the  experiment  support  category.  Ab- 
sence of high fidelity  hardware in the simulation forced  the  astronaut  to 
rrfake or  completely omit certain  parts  of  these  tasks.  This  greatly 

reduced  this simulation  time interval. 

Since one  of  the  prime  objectives of the  Gemini XU umbilical E V A  was 
to  evaluate  restraint  modes, it i s  significant  that Aldrin  spent  more time 
in  orbit  than in the simulation on the positioning and restraint  category. 
Camera  placement and retrieval  tasks  were  basically  the  same in space 
as they  were  underwater.  The time  deviation resulted  from  the  mech- 
anical difficulty with the work station camera during the orbitad mission. 
Aldrin  used  extra  time on this  task attempting to  correct  the mafiunction 
in space.   In  the simulation he noted a  similar  problem but continued on 
with the  time  line. 
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The close  agreement  between  the  flight and simulation for  movement 
tasks is also  important.  This data tends  to  substantiate  subjective  ob- 
servations and measurements that motion in space and water  simula- 
tion are  closely  related but are indeed slower than  motions  simulated 
in the zero  gravity  aircraft.  Comparison  of  the rest periods  shows 
the total orbital rests to  be  longer  than  the rest periods in the  simu- 
lation, even though there  were a greater  number  of rest periods in the 
water  simulation.  Although  the  flight rest periods  were  longer,  they 
were  more  unevenly  spaced throughout  the  mission. At the beginning 
of  the  flight EVA there  appeared  to  be  too  many rests. Towards the 
end  of  the  mission, it appears that more rests could have  been  used. 

5.3 - WORK  LOAD  COMPARISON - The  performance  of  the 
Gemini Ix and X EVA emphasized  the  question  of  the  exact  determi- 
nation of  the efEects of  weightlessness on -human  performance. Life 
support  equipment  designed f o r  the  Gemini  missions  had, f o r  the  most 
part,  performed  according  to  design  specifications.  However, it 
appeared that these  design  specifications did not adequately  encompass 
the  range  of  the  Gemini E V A  task  complement.  The  close  approxi- 
mation of  water  immersion simulation to  the  kinematic  aspects  of  the 
Gemini =-X EVA supported  the  premise that extension  of  the  simu- 
lation to  measurements  of  certain  physiologic  parameters would be 
warranted . 
The  work load measurement  techniques  evolved along with the  simula- 
tion techniques,  starting with the initial preflight simulation run  of the 
GT-XU E VA. The initial instrumentation system utilized  the Gemini 
biomedical harness and sensors .  RF interference  precluded  the  use 
of  this  system and  the ultimate technique  employed  the  biomedical  har- 
nes s  developed f o r  the Apodlo program.  This  system  was utilized 
successfully throughout  the  subsequent simulation program and the r e -  
sults  presented. A functional flow  diagram  for  the  instrumentation 
system was shown in Figure 2-1. Hardwire  sensing  lines  were  run 
through  a  modified dual-umbilical line,  which  served  a  multipurpose 
function : (1) air  intake and exhaust, (2) instrumentation, and (3) 
two-way communications. 

Table XTm details  the  components  of  the  final  version  of  the  instrumen- 
tation system  used during  the  simulation.  Physiological  variables  moni- 
tored  were  body  temperature,  respiration  rate, and E K G .  Informatioq 
pertinent  to  the  suit inlet flow and sampled  gas  measurements  were  made 
on  a  discontinuous  basis in tabular form.  Measurements  were  made 
of  .heart  rate,  respiratory  rate,  body  tempergture,  suit  carbon dioxide 
and oxygen concentration. 
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Breathing quality air  (water  pumped)  was supplied  to  the G4C full 
pressure  suit st 8-10 d m  at a pressure of 3.7-4.0 p s i  above  the  am- 
bient pressure  relative  to  the depth at which  the  subject  was  working. 
This   pressure gradient was controlled by  means  of  the suit-mounted 
relief valves described  previously.  The  oxygen  concentration in the 
exhaust  gas  was  determined  by a Beckman E-2 oxygen  meter with the 
Beckman model D-1 serving  as an auxiliary  monitoring  backup.  Cas- 
bon  dioxide  concentration in the  exhaust  gas  was  primarily  determined 
with a Perkin-Elmer  analyzer  (Apollo  system) with a Liston-Becker 
meter  serving a monitoring backup  function.  Respiration  rate  was d e -  
termined  from the  output of an impedance  pneumograph. EKG  read-  
ings  were accumulated  using skin mounted electrodes.  Body  temperature 
was  measured  by  means of an ear  thermocouple f o r  the  astronaut and 
b y  a rectal  thermistor  probe  for  the ERA subject.  Biomedical  mea- 
surements  were  made  under  the  direction of Dr.  E .  L. Beckman, 
M S C ,  with support  of  Cdm. L. J. Greenbaum, M S C ,  NMRI. 

Initially, metabolic rates  were calculated by the  de  Weir  technique. 
Later,  estimates  of  the metabolic load were  made  by  means  of   pre- 
flight ergometric-heart  rate  correlations.  These  later  determinations 
proved  more  useful  for  simulation-space  performance  comparison. 
Particular attention was  centered on determining  the  effectiveness  of 
the rest periods  interspersed throughout  the  time  line. Also, a deter- 
mination of  the  production and accumulation  of  carbon dioxide  in the 
full  pressure suit was made  since  there  was  some  evidence that this 
may  have  been  the limiting factor on the  Gemini X. To  assess  this 
factor,  air with 5.0% carbon  dioxide  concentration was  metered  to  the 
E R A  subject  during  one of the  checkout  runs  for a short  period a n d  
appropriate  measurements  were  made. 

The main purpose  of  the  physiological  measurements during  the  simu- 
lation was to  develop a biomedical  baseline  of  sufiicient  credibility  to 
permit  real-time monitoring of the  astronaut ts flight performance.  These 
data were  used  to  establish a heart  rate limit f o r  the  flight  performance. 
The limit established  corresponded  to a work load of 2500 B T U / H R  
for  slowdown and approximately 3000 B T U / H R  for cessation  of work.  

Concommitant with the  development  of  these  physiologic  guidelines, it 
appeared that signiEicant benefits could be der i ved  f rom the  comparison 
of the  preflight  biomedical data with  that  accumulated  during  the  flight. 
It was  recognized that direct  comparisons would be  difficult  since  last 
minute changes  to  the flight plan and flight  contingencies could arise 
which would SigniEicantly alter both the  duration and sequential  ordering 
of  the EVA tasks.  These  changes  proved  to  be of a minor  nature 
and, for the  most  part,  the  time line resulting  from  the  find  preflight 
water  immersion simulation run  was  followed during  the  flight. 

T h e   N A S A  primarily utilized the  physiological  information from  the 
simulation for   crew monitoring purposes and to  evaluate  postflight r e -  
sponses.   The following  instrumentation was  used  during umbilical 
E VA : one  electrocardiagram  lead,  one  respiration  rate  lead, and one 
lead for suit pressure.  In  the  later  flights, =-XU, the pilot  monitored 
his  own  suit  pressure and this  measure  was  deleted. 
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Figure 5-22 presents  the  results of the  measurement  of  physiological 
parameters of the  Gemini XU EVA. 4 s  mentisned  previously,  prob- 
lems developed as the EVA task line became  more  complex.  Results 
f r o m   G T - X I  indicated  that excessive thermal  loads  due  to  the  function- 
ing  of  the ELSS and carbon dioxide  buildup due  to high respiration 
rates  may  have  compromised  the  performance.  Direct determination 
of these  factors  was not possible  for  the flight since data on thermal 
conditions a n d  carbon dioxide level  was not collected. Also, no  direct 
mearsurement  of  metabolic load was  made. 

In the  absence  of direct calorimetric  measurements,  the N A S A  relied 
on  extrapolation of the  preflight and  postflight  ergometric  measurements 
of  the  pilot  to  estimate  work  load levels. Recognizing  the  factors in- 
volved,  the  feasibility  of  using  heart  rate  as  the  primary  indicator  of 
work load was  investigated.  Physiologic,  psychological,  as  well  as 
pathological factors,   play an important role in determining  the response 
of  the  heart  rate to various  work  loads and work  rates.   Several 
factors mitigate these  considerations ( 1 )  the  specific  work load deter- 
mination did not require  generalization  from  a  small  sample population 
to  a  large  sample  population, in fact,  a  preflight and  postflight  calibra- 
tion was done for   each pilot, (2) the  heart  rate  parameter  was  one 
of  the  two  existing  for  the  measurement,  the  second  parameter,  res- 
piration rate-energy  correlation  was  considered but rejected d u e  to 
voluntary  control factors and equilibrium response  considerations. 

Heart  rate-work load correlations  were  determined for  each E V A  pi- 
lot b y  bicycle  ergometry.  During  these tests, the  astronaut  performed 
a  measured amount of  work on  a  bicycle  ergometer at normal  pressurg 
and temperature. Pressure suits  were not worn  during  these tests. 
The  work load was  incrementally  increased, (+16) watt for  each one 
minute increment and heart  rate,  respiration  rate, blood pressure  was 
measured on a  continuous basis.  Samples  of  expired  gas  were peri- 
odically  collected for  subsequent  analysis.  Figure 5-23 presents the 
results of the  preflight  ergometry tests. The data from  these  tests 
were  converted to the  oxygen utilization curves  given in Figure 5-24. 

Two  methods  were  employed to determine  the  work load of the GT-XU 
task line  during  the water  immersion  simulation;  the  deV.  Weir  method, 
and heart  rate-work load correlation  using  the  preflight  ergometry. In 
the d e V .  Weir  method,  work load is determined  by  measuring  the p e r -  
centage  of  oxygen in the  expired  air and determining  the  respiratory 
quotient ( R Q ) .   I n  direct calorimetry, utilizing open loop respiratory 
gas  analysis,  e.g.,  the  Douglas-Haldane  technique,  the  energy output 
is most  simply  determined  as  the  product  of  the  volume  of  expired  gas 
b y  the  caloric value of  the  expired  gas.  Generally,  formula ( 2  ) can 
be  used  to  determine  the  metabolic output E -kg.  cal. 

(1 )  E = 3.941 + 1.1 R Q  

J. d e V .  Weir  has  proposed  a modification of  the above to account f o r  
the  precise O2 metabolizing mechanism  involved. The d e V .  Weir 
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form was used during  this  experiment and is given in equation (2), 
using  a  standard prdein  correction (12-1 12%). 

(2) C E  = (3.941 Vo + (1.106) V . - (protein  correction) 
2 c02 

Since  one  liter of expired air  contains 0 / 2  00 liters of oxygen,  where 
0 is the  oxygen  concentration,  the (V e) oxygen  consumed is given 
b? (3). O 2  

(3) vo = + (1 - (RQ)) vo ] O./IOO - o e / l o o  
2 2 1 

Oi = oxygen  concentration in the  inspired  air 

Therefore,  equation (3) may  be  given  by ( 4 ) .  

Combining  equation (2) and ( 4 )  

Figures 5-25 and  5-26 present  the  results  of  the  work load determina- 
tion b y  this  technique, of the simulation runs   by  the  astronaut, Col. E .  
Aldrin.  Table Xrmr summarizes  the  results  of the  determination of the 
work  rates  for  Aldrin Is simulation run.  Figure 5-27 and 5-28 and 
Table x7x present  comparative data f rom the simulation runs  performed 
b y  the E R A  subject, including the  effect  of altered carbon dioxide con- 
centrations. 

While the  most  consistent  indicator  of  stress  response  proved  to  be 
respiratory  frequency,  when  compared  to  the  caloric  changes computed 
b y  the deV.  Weir  technique,  there  appeared  to  be  a  great  disparity 
between  the actual level  of  activity and work load computed in this  man- 
ner .  It can  be seen in Table xc/sm that the  oxygen utilization  method 
indicates that maximum  work  levels  occurred at periods  of  low  activity 
( res t )  while periods involving maximum  suit-flexure and force output 
yielded  low  work  levels. 

The  disparity  between  the calculated work  load,  body  temperature, and 
expired C02 concentration was  even  greater.  These,  however,  can 
be  readily  explained.  The  body  temperature  was  measured at one 
point  only  (rectally f o r  the E R A  eubject,  externally behind the ear for 
the  astronaut). No  reliable  measure  of metabolic activity  has  been  ob- 
tained so f a r  using single point temperature  measurements  since  the 
relationship  of  the  time  response of temperature  to  work load increases 
isr exceedingly  complex. CO measurement during  the sirnulation proved 
unreliable  since  measurement  took  place at the  exit  of  the  exhaust  line. 2 
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N o  effective determination of the  system  time  constants could be  made 
due to the  variability of the  system and since absolute  control of water 
leakage in the system could not be controlled (CO is readily  absorbed 
in water).  This  was  due, in part,  to the  unavaizbility of the  space 
suit until close  proximity to the test. 

Further,  there  was  no  comparative  measurement of work load in space. 
In the  absence  of'  direct  measurement of metabolic load in space,  the 
N A S A  placed  maximum  reliance  on  electrocardiagram and impedance 
pneumogram  measurements of the  astronaut  during  the EVA. S e v e r e  
limitations were  recognized in the  use of this  information as  mentioned 
previqusly. NASA indicated  that the  accuracy of these data  should  in- 
crease with increased  oxygen utilization, and since  the  area of consid- 
eration was at high relative  work  loads,  any  errors would tend to 
elevate  the  heart  rate f o r  a  given  condition.  This would yield a  mar- 
gin of safety  when using  the  heart  rate-ergometry  correlations  for  a 
slowdowq cnd stop  indicatoz. 

Data from  preflight altitude chamber  runs,  correlations  from  results of 
previous  flights, and the initial results of the  underwater  simulations 
served to derive  a quantitative measure  of  the  work  expenditure. 
N A S A  concluded  that  the use of heart  rate and respiration  rate data 
supported  by  continuous  onboard  voice  contact  proved to be an ex- 
tremely important and reliable method for   red-t ime monitoring of the 
crew activity  particularly  when coupled with a complete  knowledge  of 
the  tasks  involved. 

Using  the  foregoing  as  a  basis for  comparison,  Figure 5-29 was  de- 
veloped  which  details  the  cumulative work load of the  time line f o r  the 
flight and simulation. This  relationship was derived b y  developing an 
expression for the  relationship  between  heart  rate and work load from 
the  preflight  ergometry  for  the  pilot.  The  figure  was  developed  by 
using  this  relationship and the  heart  rate  versus time for the  flight a n d  
the  simulation.  The  curves  were  developed b y  applying the  heart rata-  
ergometry  relationship and integrating with respect to time.  This  tech- 
nique  yielded a much  closer  correlation  between  observed  activity  level 
and work  load. 

This correlation is not  intended as  an absolute  determinate of work 
rate  but,  rather, is intended f o r  comparative purposes.  It does,   how- 
ever ,   o f fer  distinct advantages for  tasks  of  the  nature of the GT-X11: 
E V A  tasks .  Conventional  closed and  semi-open  ventilatory  measure- 
ment  techniques  generally  require  considerable  response time for the 
measurements to reach equilibrium (from 2 - 5  minutes).  This  time 
period is generally  greater than the  steady  state  task  time of the indi- 
vidual tasks  and,  therefore,  direct  analysis of oxygen utilization data is 
exceedingly  difficult.  Heart  rate  measurements, on the  other  hand, 
respond  rather  rapidly  to  changes in work  load. 

Comparative evaluation of the  heart  rate data indicates an average 37% 
greater  heart  rate for the  flight.  This  may be due  to several identiEied 
reasons.  First, there is the  effect of the  variation of ambient pressure 
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and breathing  medium on heart  rate-ergometric  correlation.  This ef- 
fect is probably  related to the density of the  breathing  gases but may 
also  be  related  to  variation in alveolar oxygen transport.  Figure 5-39 
preseqts  the  resulte  of  parallel  research  which  indicates  the  effect  of 
variation of  gas  density. 

The  second  mqjor  factor  causing  the  difference  'in  heart  rates noted is 
probably  the  most  important. In  space,  the  astronaut  was  subjected 
to  a  vapor  saturated  oxygen  environment with limited  heat transfer ca- 
pability. I n  the  simulation,  the  water  acted ag an  infinite  heat transfer 
sink.  Further,  the  thermal load characteristics d i f f e red  greatly. Fzw- 
vious  research  has  generally identified the  effects  of  changes in the 
thermal  environment  on  heart  rate,  Figure 5-31. I n  this  program,  a 
standard  work  level  rest  cycle  was obtaiqed and the  thermal load char- 
acteristics  were  varied. It can  be  seen that increasing  thermal load 
tends  to  increase  the  heart  rate  for  a  given  work  level and this rela- 
tionship increases with time. 

A third factor iF that of  psychological  effects on  the  heart  rate  due  to 
operations in the  space  environment. I f  psychological  involvement weme 
a first order  factor,  the  heart  rate in the initial phases  of EVA would 
be  greater in space than in simulation  with  a  gradqal  tapering off  if no 
problems  were  evidenced.  Analysis of data shows  the  opposite.  The 
period  where  a  large  psychological  involvement  was thought to  occur 
was during  the  time  of  the messages t9 Houston a n d  even in this, thema 
is strong  reason  to  believe that the  astronaut was engaged in moder- 
ately  qtrenuous  work  of  placing  pennants on the E L S S .  

There is other  parallel  research which supports the use  of  the  single 
parameter determination  of energy cost f o r  calibrated  individuals. 
Mdhorta  et. al. , have  reported on the  feasibility of using  pulse  rate 
during work  as a  measure of energy  cost.  Studies  were  made using 
bicycle  ergometry with work  loads  varying  between 50-600 kg-/min. 
Cross-correlation of the  results with oxygen uptake methods  was  made 
and regression  correlation  lines  were  calculated. While a  significant 
difference  was  found in the  coefficient  of  variation  between  subjects,  a 
linear  correlation  was obtained between  the puke   ra te  and energy  cost 
f o r  all subjects.  Typical  results  of  this  research s t u d y  are given in 
Figure 5-32. 

Figure 5-32 also presents the  results OF a similar  study  by N .  L. 
Ramanathan,  Reliability  of  Estimation qf Metabolic Levels  from  Reswira- 
tory  Frequency. Ramanathan  has  demonstrated  the  reliability  of esti- 
mating task  energy  cost  for  relatively high energy  metabolism. A 
correlation  of  E(kcal/min) = - 3.06 -+ 0.198 RF (no.  /min)  was  ob- 
tained between  energy  consumption and breathing rate.  This  correlation 
was  highly  significant (€YO. 01 ) with a  correlation  constant  of 0.93 and 
standard error  of 0.46 kcal/min.  These data are included  to  indicate 
the  factors involved in using the  heart  rate-ergometry  correlation  tech- 
nique. A more exteqsive research  program is required  to  evaluate 
the  exact  numerical  correlqtion  factors  involved. 
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Table X X  presents  the data derived  through  heart  rate-ergometry  cor- 
relation and compares  the  results  of  the  space  performance with the 
simulation. These rdsults  are depicted in Figure 5-33. It can be 
seen that, in most  cases,  the  energy  costs OE the  tasks  were  greater 
f o r  the  space  performance.  Figure 5-34 presents  the  same  results 
recodigured  to  show  relative  rates  of  energy  expenditure,  since  the 
task  times  were also generally  greater  for  the orbital case,   The re- 
sults OE thils comparison  show that there is a relationship  between  simu- 
lation and space  performance.  The  ratio  of  energy  cost  between  space 
and water simulation averaged  approximately 1.57 and varied  between 
0.69 and 3.44. 

Prior to  this  study it had been  considered that drag efEects and other 
associated  problems would result in a higher  enekgy  expenditure  for a 
given  task in the  water  immersion simulation  than in actual space  per- 
formance.  Since  this  has  been  shown  to  be not necessarily t r u e ,  it 
i s  important  to properly  identify  the  elements  of  the simulation and the 
effect  of  each on the energy  cost in task  performance.  These  elements 
include:  viscous  drag ( d ) ;  gravity  effects  (g);  buoyancy  effects  (b); 
planing e f fec t s   (p) ;  and hydrostatic  effects  (h).  These  elements  may 
increase o r  decrease  the  energy  cost ( a )  for  any  given task .  The 
relation of  the  energy  required  for task performance in simulation ( E  ) 
and in space ( E  takes  the  following  form ( 6 ) .  W 

S )  

I f  the  agregate  of  the a terms  is  negative for a particular  task  the  task 
requires   less   energy in the simulation  than in space  i. e .  certain factors 
in the  water  have  acted in such a manner  as  to  reduce  the total energy 
expenditure for that task.   S ince the  suit pressure is regulated at the 
waist  level,  portions of the suit above  this  level  have a greater  differ- 
ential pressure  than in space while portions  below  this  level  have a 
lesser  differential  pressure than in space. As an example,  tasks that 
involve  arm and hand motions result in a positive a term  for  the up- 
right  subject a n d  a negative a f o r  the inve.rted subJect.  In  like  fashion 
the  other  elements  can exhibit  both positive and negative effects.  

h 
h 

The  results of the  Gemini XU analysis  shows E > EW f o r  the  mqjor- 
ity of  the EVA. Therefore9  the combination of  %e  elements  acted to 
reduce  the  energy  cost  of  these  specific  tasks in the  water  over  the 
cost  of  the  same  tasks in space.  

The  terms (+ ad + a ) are  related to the  subject 1s motion in the 
water  medium  and-c&  be  explicitly der ived  as a function  of  the  velocity 
vector and body attitude  of the  subject. I n  general, the  specific  terms 
of the  relationship  can  be  uniquely  determined f o r  one  suit and body 
codiguration, i.e. changes in the  body  configuration  affect  the  drag 
coefficient  of  the  whole  body as well as  the individual limbs. 
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The predominating  element as the  velocity  increases is the ad term.  
This relationship  can  be seen  from  Figure 5-35, which  presents cal- 
culated values  of  drag  for  several  suit attitudes. F o , ~  the  Gemini X U  
tasks the  velocities  of  movement  were  generally < Ot .5  ft./sec. and 
the  number  of  movements  was  small in condderation'  of  the total EVA 
time.  Therefore.  the  terms  of (6 )  for   the Gemini XU EVA are 
approximately  given b y  

(7) EW = ES + - 

(7). 

a + a  + a  b -  g -  h 

King  et.al. , has calculated the  gravitational work  for  limb motion OF 
man  unencumbered b y  a pressure  suit .  Gravitational work  expressed 
as  percent  of  muscle  work  ranged  to  approximately 15% in the  studies. 
Translating  these  factors to pressure suited man would tend to  reduce 
the gravitational work  factor  since  the  work  required  to  overcome  the 
pressure  suit is far  greater than  the work  required  to  move  the  limbs 
unsuited.  Gsn.erally  the a element is a  positive  term. 

ff 
In   summary ,  although the  water  immersion simulation of  the  Gemini 
EVA was not  intended  to produce data for   purposes  OF comparison 
with space flight E V A ,  there  was, in fact,  much data  available f rom 
which  comparisons  have  been  made.  There  are  also  elements  which 
have  been identified and which are  unresolved  as  to  their contribution 
to  energy  cost.  These  unresolved  elements am the  hydrostatic  effects 
(a J and the  buoyancy (a,) term both total body and specific  limbs. 
Hydrostatic and buoyancy  effects cannot m w  be  evaluated f o r  the 
Gemini XU simulation and indeed would be  extremely difficult  to  deter- 
mine for  subsequent simulation since  the  suit  buoyancy  characteristics 
change  relative to time  during any  particular  run. It is important, 
however,  to  determine  the  range  of  this  effect in future  work. 

.h 

I n  addition,  the effedts OF heat load and breathing gas  density  must  be 
evaluated. A determination of  these  factors  can  be  made  experimentally 
and a more  exact  relationship  governing  the  comparison  can  be deter- 
mined. Until this is done the etttnulative work  loads  determined by   p re -  
flight  ergwmetry  should be used  as a relative  comparison  parameter. 

.4 - E V A L U A T I O N -  OF T A S K S  BY CA.TA-GO-RIE.S- - Table XXI  & a compilation b y  categories  of  the EVA-  tasks identifying specific t4bk 
objectives.  The  first  category, E V A  evaluation tasks ,   are   tasks  de'- 
signed  to  directly  evaluate  man Is performance in the  extravehicular 

" 
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environment.  The  design  of  these  experiment-tasks  was intended pri- 
marily  to yield subjective  data.  Comparative  film and motion analysis 
was applied to  these  tasks  where  possible. 

E V A  Evaluation Task8 

The  objective8  of  the EVA evalyation tasks  included the  determination 
of  restraint  modes,  suit mobility,  torque Capability a n d  the  feasibility Q f  
simple  maintenance tasks.   The EVA evaluation taska  were  comprised 
of  various  subtasks.  Table X X l I  lists  the  task evaluation  objectives fQr 
the  various EVA subtasks. 

Restraint  Evaluation - Restraint evaluation comprised  the  performance 
of  various  representative EVA tasks using  foot  restraints,  a4ustable 
waist  tethers and a system  of  portable  pip  pins and  handholds f o r  re- 
straint  positioning.  Both  portable  handholds and pip pins  were  con- 
structed with l q g e  rings  to  accept  the  waist  tether quick release  mech- 
anism.  The  astronaut  wae able to  evaluate q a n y  dzerent restraint 
positions in a relatively  short  time  period  using  the  pip pin arrangement@. 

In  Figure 5-36, Astronaut  Aldrin is shown placing  a  restraint attached 
to a  pip  pin into the star receptacle on the  Agena  work station. Fig- 
ure 5-37 shows  the  astronaut  aGusting  his  positioning with a  restraint 
attaohed to  a  portable  handhold.  Stationary  attachment  points  were al- 
so used in restraint  evaluation. These took  the form  of small rings 
attached to the  target  docking  cone and  a  single  stationary  ring on the 
f f nose  end n of  the  portable  handhold. These supplied  ample  attach 

points for  tasks  such  as  the  Agena  tether,  S-010. The first rest 
period, on waist  tethers,  was  performed while  attached to  these  sta- 
tionary  positions.  Similar  attachment  points  were  supplied on the  adap- 
ter work station. Astronaut  Aldrin  used  these  stationary  rings almoBt 
explusively during  hi8 If  waist  tethers  only  adapter  restraint  evduatjoqs. 
The  portable  handholds, while showing  some  merit on the TDA,   prove#  
inadequate in the  adapter  work  station.  Aldrin noted  that only minimum 
torquing forces  were  required to  break  the  handholds free from  their 
positions.  The T D A  handhold positions  proved  adequate  primarily  be- 
cause  no  excessive  torques  were  placed on these  uqits.  In  most 
qases ,  it appears that the T D A  waist tether  configuration aided in main- 
taining the pilot f s  g r o s s  position on the  Agena, but was not particu- 
larly  useful  to  react  torques.  During  work tasks the  astronaut  employed 
his art;ns t9 reduce  the  forces  transmitted fq  the  tethers and portable 
handholds. 

Figure 5-38 shows  the effect of  restraint  modes  for both the  adapter 
and TDA  work  station tasks. The  restraint  modes  are indicated b y  
the  legend at the  upper I& of  the  figure.  The  crops-hatshed  areas 
indioatp rest period&.  Number (1) indicates task  performed  by the 
qetronaut while he had one or  both feet in fbe m d d e d  f9ot restrqintls. 
The  tasks  performed while in the  foot restraints were restricted to the 
qdapter  where  the  foot  restraints  were 1Qcazted. While in tbe adapter, 
the aqtronaut repeated the task performance with waist  tethers  only. 
Comments  from the astronaut indfcated a strong  preferenoe  for  the foot 
rtwtraint mode. 
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The foot  restraint  mode  requiped  slightly  largea,  performance  times than 
the waist  tether  mode both in space and in the simulation, however,  the 
rate of energy  expenditure was significantly less. This  esnt8.adicts the 
results  previously  descpibed f o s  the  Gemini Ix AMU donning task.  A 
f i x e d  restraint  position  such as evidenced with  the  foot  restraints per- 
mits  a  greater  envelop of operation in the  suit,  particularly f o r  two; 
handed tasks ,  while decreasing  the level of energy  expenditure. 

The Gemini  suit  afforded  easy  control of the  rest  position 06 the  suit 
due  to  the rrstiErr leg and torso  components.  In  later  space  suit ver- 
sions,  having greater mobility,  this wild not be  true and extra  energy 
will need to  be  expended  to keep the  astronaut in the  proper orientation 
for work  tasks for fixed restraint  modes. 

The restraint  modes evaluated  while on the T D A  included two  waist 
tethers, one  waist  tether, and no  restraints.  There  was a greater 
variation  between  space and the simulation f o r  these tasks .   The re- 
sults  of  the evaluation of restrain2  modes for the dzerent  work station 
tasks  is. given in Table Xxm. 
Suit  Mobility Evaluation - The  mq'or  suit mobility  evaluation was  performel 
in the  ad3pter  section while the  astronaut  was  restrained b y  the foot re -  
straints.  The pilot performed a task in which  he  leaned  backward  a- 
way from the s p a c e c r a  while  in the  foot  restraints,  Figure 5-39 
demonstrates  two  aspects of this  task in which  the pilot  attempted to d e -  
termine  the angle and radius of action of  his G-4C space  suit.   In 
general,  suit mobility  evaluation was a  continuous  aspect of the  overall 
task  evaluations. 

The  limb  flexure  analysis der i ved  from  film analysis for the  lean  back 

During  the  flight,  the pilot commented that the  lean  back  task  was  more 
difficult  than in .  the  prdlight  water simulation.  He  noted in this  post- 
flight run that the  task  was very much  like that performed in the orbital 
mode.  The  increased  force  requirements f o y  the  flight and  postflight 
simulation were  caused  by  the  use  of  the  more rigid  extravehicular  space 
suit ( F P S ) .  The  extra  protective  layers  caused  an  increased  .suit 
rigidity.  This  factor  required  the  astronaut  to  expend  extra  energy 
using  the EV suit over  that eqperienced in the  preflight simulation with 
his training  suit. 

I task in the  preflight and  postflight  simulation is presented in Figure 5-40, 

Torque  Tasks - The evaluation of the  astronaut ?R ability to exert tor- 
quing forces  wae  performed in the  equipment  adapter and Agena  work 
station. Torque capability of a  restrained and unrestrained  astronaut 
is considered of prime  importance for future  space  missions.  The 
adapter  work station torque  evaluations  were  performed on a fixed bolt 
configuration  located at the bottom center of the  work  panel. I n  both 
the flight and simulation modes, Pilot Aldrin evaluated clockwise and 
counterclockwise  torquing  operations . Aldrin  first  performed  the  adapter 
torquing  operation  while in the  foot  restraints.  He  then attached his 
left and right  waist  tethers and re-evaluated  this  task with tethers  only. 
Table X?CU 'summarizes  the  time allocated to torque evaluation  an$ the 
energy  expenditure  involved' f o s  the orbital and'  simulation modes. 
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The astronaut  used  a  special  torque  wrench fog, $he Agena  work station 
portion of hie torque  evaluation. This tool was xnwually ac(fustable and 
designed to ??break free" if the qet value of torque was exceeded and 
was  designated  the  Apollo  torque  wrench. The Apollo  torque  wrench 
shown in Figuse 5-41 employed  a  male *key type drive. The bolt 
receptacle on the Agena  work station was fixed mounted iq a  torque 
box. 

The adapter  torque  wrench  malfunctioned  during  both the flight and the 
simulation  tqrque tasks.  In both ca.ses the visual  readout  gauge f+f led .  
It i4 also  worth noting  that in the  water  simulation, Aldrin broke the 
"fixed bolt free  when using  the  maximum  torque  qetting on, the  wrench. 

Quantitative  data on  either the flight or  simulation  cannot  be derived due 
to equipment  €ailure. However,  Astronaut Aldr in  noted in his  debrid- 
ing  that a y  torque task found  practical in the water simulation  would 
also pnove ' practical in space. 

Maintenance Tasks - Those tasks, specifically  designed as an evaluation 
of propoged  future  space  maintenance,  included bolt removal and re- 
placement,  electrical m d  fluid  connector  operationst  cable cutting gpera- 
tions,  hook and ring  connection, and the  Velcro strip evaluation. The 
initial camera  placement and the work station  preparation and cleqnup 
targkrs werp also included in this  task  category. 

. 

The first camera  placement  task  was  an evaluation to determine an op- 
timum  mode of camera.  handling. The results of this evaluation  shpwed 
that camera  placement and retrieval  was optimized when  the  pilot utilized 
a  semi-unrestrained  positioning  technique  requiring  only  the  use  of his 
f r e e  hand to place  his  body in the  proper  relative  position. 

Maintenance task evaluation was  per€ormed on the  Agena  work station. 
A n  electrical  connector,  similar to the  connector in the  adapter  work 
station,  was moqnted  on the  side of the  Agena  work station panel. 
Aldrin noted  that he  found  no  problem in connection or  disconnection of 
this unit in his  pre€light or orbital EVA. 

7n general,  .the  task  periormance  was very similar,  both  from a  time 
end  work  level  basis. The astronaut did not  experience any dBiculties 
in per€orming  the  tasks. as prescribed.  Work  loads and time  allocations 
were  ~uccessfully  predicted in the simulation. The evaluation of re= 
straintp  proved  to  be.  highly  amenable  to  water  immersion  simulation. 

E V A  Support  Tasks 

Camera  Placement and  Retrieval - Astronaut A l d r i n  Is first umbilical 
EVA camera  placement task in both  orbital and simulation  time lines 
was  categorized  as an EVA evaluation task. All subsequent  camera 
tasks  were  entirely  support  tasks  designed to produce a 16 mm  color 
€ilm record of the umbilical EVA. Except  for  the  camera  mechanism 
failure. in the  adapter  section, Aldrin noted  no  problem with the  camena 
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placement tasks in orbit. He did comment that his initial camera  placc- 
ment  seemed even easier in flight  than it had been in the Bimulatione. 
This fact  may  certainly  have  been  the  result of training experience. 

Movement - Movement dong the  Epacscraft and from the  Bpacecraft to 
the  Agena  target  vehicle in previous  Gemini  missions  was  considered 
an  important  task  objective. F o r  the  Gemini AZ EVA mission, a sys- 
tem of motion aids  was  designed to expedite  this  movement.  The utili- 
zation of the motion aids  provided  increased  time f o r  the  subsequent 
EVA evaluation tasks.  Movement from  the  spacecraft hatch area to the 
Agena  was aided by  the installation of the  portable  handrail,  Figure 5-42. 

Analysis of the  film  record  from  the  water simulation shows  this  forward 
movement  to  have  the  greatest  velocity  among all the  gross  movement 
tasks  of the  GT-XU umbilical EVA. The velocity of this  movement  was 
approximately 0.3 feet  p e r  second.  This is less than  the  limits  estab- 
lished f o r  drag-degradation d e c t s ,  0.5 feet   per  second.  The  move- 
ment  from hatch  to T D A   w a s  10 seconds  longer in  flight  than  similar 
movement in the  simulation. From  analysis of the  flight film,  the  m9- 
tions  appear to be  identical, although the  velocity  was  slightly l e s s  than 
that of the  water  simulation. It is significant to note  that even though 
the  velocity in the simulation was  higher and the  time  shorter, that the 
energy  cost  was  higher for the orbital movement  task.  This  further 
substantiates  the  absence of perceptible  drag  effects in the  water  simu- 
lation for movement  tasks of velocities  under 0.5 feet per  second. 

Rests - Figure 5-43 compares  the rest periods for the  flight a n d  water 
simulafion mades.  Cross-hatched  areas on the  figure indicate the  reqt 
periods.   The single reversed cross-hatch  area  indicates  the  duration 
of the  water simulation rebalance  break. A comparison of the individual 
rest periods,   from a time and energy  cost  basis, is given in Table XX$V. 
The  most significant  variation between  space  performance and simulation 
is the  number and frequency of rest  periods.  There  were  twelve 
rests in the  water simulation and only  eleven in the  flight. The total 
time of the rest periods,  however,  was  longer in flight  than in the  simu- 
lation.  Although  the total orbital rest time  was in excesa of the  simula- 
tion time, it appears that the  rest  periods during  the simulation were 
better  spaced,  thereby contributing to  minimum energy  expenditure. 

T w o  flight rest periods,  numbers ( 4 )  a n d  (1 0 ) ,   a r e  of particular  sig- 
nificance. Rest period ( 4 )  was  particularly  long,  yet  the  rate of energy 
expenditure  increases  rapidly  through  the  half of the  duration.  Although 
this  time  period  was  designated as a rest, Pilot Aldrin  used  this  time 
period  to  deliver  messages  to  the  world.  The detailed  activity  during 
this rest period  was  discussed in a preceding  section.  Analysis  has 
shown that this  rest  period included periods of relatively high physical 
activity. The  energy  cost is probably  misleading,  however,  since miti- 
gating psychological  factors  may  be  involved.  Mission  Control  was 
warned of the  increase in heart  rate  to  the 140 beats/min.  level  by  the 
telemetry  readout and Astronaut  Aldrin  was  advised of this  increase. 
I n  the middle of this rest period  the pilot was  advised  to  slow  down  his 
activity and complete  the  period in  a resting  position.  The  result ot; this 
slowdown  was  evidenced in the  decreasing  energy  expenditure rats to- 
wards  the end of the rest period. 
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Orbital rest  period (15) wss ~ S O  an extended rest  period.  Reference 
to  the  cumulative energy expenditure dine shows a marked inacsea~e. in 
the  rate  of  energy expenditure just prior to  thie Pest period. FOP an 
explanation of  this Fate incpease and the  subsequent extended Feet period, 
the  following  correlation  between  the sirnulation and orbital t h e  lines is 
postulated.  Immediately folhwinng the  qdapter work station .taskB in the 
simulation,  Aldrin  moved  to  the  spacecraft  hatch. At this  point  he ex-  
ecuted  a  camera  change and rested  for  45 seconds. After this rest, 
Aldrin moved forward  to  the  Agena work station to  begin  his T D A  
work  tasks.  Following  his first work station task group,  the pilot 
took  his  scheduled 2 minute rest period.  From  the  voice  record, it 
does not appear that the  astronaut was excessively ?'tired f P  at this  point. 
There  was a slight increase in energy  expenditure  during  the  movement 
forward  from adapter  to  Agena.  In  contrast to the  performance in the 
simulation,  after  Astronaut  Aldrin  completed  his orbital adapter  work 
tasks ,  a n d  moved  to  the  spacecraft  hatch,  he did not  take  advantage of 
a rest  period.  Instead,  he  made  his  camera  change and activation and 
contioued  immediately to the  Agena work station. On the Agena, Aldrin 
immediately  began  his first TDA  work  task.  After  approximately  the 
same  task time  interval as  in the  simulation,  the  pilot  completed  this 
work task group and rrrequestedrf  a rest   period.  From the  voice r e -  
cording it appears that the  astronaut  was  ready for this  rest.  This 
was  the  extended  duration rest  period (1 0 ) .  It lasted 3 .-O7 and was  the 
longest actual resting  period in either  the orbital or water  simulation 
modes. 

In   summary,  the rest periods  generally  proved  successful in maintaining 
a relatively  normal  energy  expenditure f o r  both the  flight and the  simu- 
lation. The only  difficulty  pertaining to interpretation  of  the res t s  is that 
the  astronaut  performed  minor  tasks during his  resting  sessions. 

Experiment  Support  Tasks 

The final  task  category  includes  those  tasks  which  were not direatly 
related to EVA but  which  required  support by  the EVA astronaut. 
The  tasks included  the Agena  tether and S-010 activation, and  the r e -  
trieval of the GL V strips. Figure 5-44 presents the  cornparkon of the 
experiment support task  category. 

The  Agena  tether activation was  a  preparation for the  gravity  gradient 
experiment  later in the  Gemini X U  mission.  The  Agena  tether task 
took 40 seconds  more in flight  than  the same task in the  simulation. 
The  energy  expenditure  was also greater  for thg orbital  mode. The 
inorease  was due to  time  the  astronaut  spent  evaluating  the  loose rrtoad- 
Btoolff on top of the  docking bar .  This in itseE would  not appear  to 
justiry  the  increased  energy  expenditure.  The  astronaut f~ motions were 
essentially  the  same for both modes  of  this  tether task. The  difference 
in energy  aost could be attributed to either  variations  induced b y  the 
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aimulation o r  actual undefined variations due tq work in a grgvity free 
environment. The dserence noted could easily  be attributed  to  this 
later  factor  as d iscussed  in the  preceding section. 

T h e  remaining  tasks,  the S-010 activation a n d  the GLV &rip removal, 
will not be  discussed since the actual S-010 hardware  was  not  avail- 
able for   the simulation and since the GLV strip  removal  proved  to  be 
negligible f rom a time and energy standpoint. 
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Optimum (time)  placement 

of positioning aid f rom s / c  

movement while outside s / c  
with increased  freedom of 

:45 
hatch 

1 

:27 Pilot stated  that he had to 
get  proper  position  and'hold 
on to  something 1' to  get 
complete rest  

to handrail 
1 :43 Pilot rests  while holding on 

1 :05 

:41 Pilot noted slight tendency to 
'go head over  heels 1 ,  count- 
eracted  by light torque. I ". . . - " . . . 

I 



TAKE P - -Cont'd. 
- 

Task 

?ositioning/Restraint 

4gena  Tether 

Dositioning/Restraint 

PositioninglRestrain 

A T D A  'Work Statioj 
Preparation 

Rest (41 

Page 2 of 9 

Eubtask 

Tvaluation oP tether dynamic2 

Preparation isr rest  

Repositioning  on A T D A  prio; 
bo work station  setup 

Initial  evaluation - setup oE 
A T D A   w o r k  station 

Position 

S / C  exterior, 
:ethered  to  hand. 
rail 

S / C  exterior, 
Lethered to A T D  
rings 

S / C  - A T D A  
interface 

11 

I f  

A T D A   w s r k  
station 

I1 

t 
i= 
U 
0) 
ul a 
4 
w - 
- 
10:3: 

12:2- 

14 :5: 

15:5, 

18:O. 

21 :4 

22:4 

23:5 

Y 
L 
m 
5; 

43 : 
01 :4r 

43 : 
03 : 21 

43 : 
06:03 

43 : 
06:5 

43 : 
09: 0 

43 : 
12:5 

43 : 
13:5 

43 : 
15:c 

43 : 
08 : 2f 

43 : 
05:4C 

43 : 
06: 52 

43 : 
09: 01 

43 : 
l2:4: 

43 : 
13:3. 

43 : 
14 :c 

43 : 
20:l. 

Concomittant  evaluation OE 
E L S S  cooling capacity. 
Evaluation  similar  to eEEects 
during  standup EVA.  Slight 
cooling of extremities. 

2:20 Slight  disturbance  to  Agena 
during  task  due  to  speed  of 
movement.  Slight  problem 
tr 

:38 

2:07 

3  :39 

:40 

1 :06 

5: 08 

lith hookup of dockhg  bar 
lamp. 

I :  

Zommand pilot states  thatpex 
brmance so Ear i s  Easter 
han  target and  calls Eor res 
>eriod. 

Pilot notes  rough  edged  mst- 
rid on s /c   sep .   p lane .  

Some' difEiculty evidenced due 
io; requirements for fine  han 
Dperation, and  to avoid touch 
ing experiment surEace . 
C P  photographed pilot tether 
restrained  position 

Pilot commented  on  possibii 
ity d kicking L band antem 

43:16:05 - 43:17.:45 (mea, 
sages  to  Houston) 43:18:21 

CC suggested  slow  down du 
to  elevated  heart  rate 



TABLE - Con1 Id. 

Task 

Communicatiszs 

Movement 

Camera  Placement - 
Retrieval/Fi!m 
Change 

GLV Strip  lelrieva 

RetrievallFiin 
Camera  Plasement - 
Change 

Positioning/.?ascraint 

Movement 

Subtask 

Initial ATD-4 work station 
setup 

Evaluation of ice form.ation 
GI: H2 vent 

Peturn to s/c hatch 

Zilm change f o r  70mm 
h k u r e r .  

Stowage of adapter  work 
station camera on E L S S  

Umbilical feed out prior  to 
movement  to  adapter 

Translation  from  portable 
handrail along retro-handrai, 
to pigtail 

Position 

A TD.4 work 
station 

S / C  exterior 

S/C exterior on 
portable  handrail 
standing in hatch 

S / C  hatch 

If 

S / C  exterior on 
portable  handrail 

Along  retro-equi, 

exterior 
ment  adapter 

Y 
L 
(0 

3; 

- 
43 : 
20:l 

43 : 
21 :o 

43 : 
22:2 

43 : 
23:2 

43 : 
24:O 

43 : 
25:4 

43 : 
27: 1 

43 : 
27:4 

;I iE E - c 0 E 

1- 
I 

43 : 
21 : 03 

:4: 

43 : 
2i' : 22 

1 :1, 

43 : 
23 : 08 

: 4, 

43 : :2 
23 : 51 

43: 
25 : 43 

1:3 

26:59 
1:l. 43: 

43 : 
27:36 

:2 

43 : 
29 : 44. 

2: 0, 

Comments 

ENVIRONMENTAL  RESEARCH  ASSOCIATE! 

1 
1 

Initial evaluation of Velcro 
handholds and placement of 
handholds for  later wDrk 
station tasks.  CP orders 
return to hatch at 41  :21:03 

Pilot comments that docking 
damp should  not be  used  as 
handhold since it might come 
loose. 

Pilot asks   CP  to   check umbii 
ical condition 

S t o w e e  of 4 strips slight 
concern  to pilot 

Required  pilot  to  connect 
auxiliary  tether  then  Velcro 
cameras  to E L S S .  

Includes  routing umbilical 
through pigtail and initial 
entry into the  foot  restrainta. 
C P  comments th& pilot is 
perturbing  entire E / C  due -to 
-motions 



TABLE P - Con1 'd.  Page 4 of 9 

Camera  Placement - 
Retrieva!/Film  chacg 

I 

1 Communications 

Work  Station  Pre- 
paration 

Work  Station P r e -  

Subtask 

rnitial setup and checkout  of 
2dapter work station carnerz 

Foot restraint  evaluation 

Penlight  deployment 

Camera  activation 

Camera  Activation 

Position 

Foot  restraints - 
facing  adapter 
wsrk  station 

In  foot  restraints 
in adapter 

In  foot  restraints 
in adapter 

In  foot  restraintr 
in adapter 

I n  foot  restraints 
in adapter 

In  foot  restraintr 
in adapter 

I f  

If  

38 :40 

$1 : 02 

42 :  0s 

45: 02 

45:4:  

46:2:  

4 7 : l '  

49:3  

- 

U 
L 
rn 
3; 

- 
4 3  : 
29:4. 

4 3  : 
32: 0 

43  : 
33:1# 

4 3  : 
3 6 :  0 

43 : 
36:5  

4 3  : 
3 7 : 3  

43  : 
38:;  

4 3  : 
40:4 

5, .- 
E ir 

- 
4 3  : 
32: 0 

43 : 
33 : 0, 

43 : 
36:  0, 

43 : 
36:4 

43 : 
37:3  

43  : 
38:.  

43 : 
40:. 

43  : 
43:-  

ENVIRONMENTAL RESEARCH ASSOCIATES 

1. Comments - 
0 > 
CI 

L 

E 
0 - 
- 
2:22 

:57 

2:50 

: 41 

: 3 E  

:4( 

2:05 

2:3t 

Pilot observes that linkage 
on camera  bracket  is  brokez 
(push  bar  mechanism  which 
operates ball detent) 

Piiot commeds that his  left 
heel  seems  to  be  riding  a 
little high in the  foot  restrair 

Pilot observes  neutral  suit 
position,  movement  in  fore 
and a f t  direction  return  to 
neutral  position.  Pilot leans 
back  parallel  to longitudinal 
spacecraft  axis  (similar  to 
exercise in water  immersior 
simulation).  Pilot  commentc 

little bit harder 11 than  the 
that this  maneuver is Ita 

same  maneuver in the  watel 
(greater  leg  force) . 
Pilot a n d  C P  discuss  adapte 
camera condition and umbili. 
cal condition 

Pilot observes that one pen, 
light is Itbulged I f  apparently 
from  heat.  

Pilot observes that camera' 
appears  to be working 

tttempt  to  activate  work statio. 
camera not successful 



1 

ENVIRONMENTAL RESEARCH ASSOCIATES 

~ 

I 

Task 
I 

I' Eubtask Position 

Adapter  Work  Task 
(A ) 

ldapter  Work  Task 
(B1 ) 

(8 )  

Torque evaluation , In foot  restraints 
Connector .operation ~ in adapter 

Cutter evaluation 

Pip  pin and portable handholc 
evaluation 

Saturn bolt removal 

Remove  right waist tether 
from E L S S ;  attach to work 
station r ing .  Remove l a  
tether  from E L S S  a n d  attach 
to  work station 

Saturn bolt evaluation 

I t  

tt 

I t  

Waist tethers only 
in adapter 

. 
5 2 4  43: 

~ 43:2 
I 

59:38  43: 

72: l l  

50 : 4, 

t 3  : 
j2 : 22 

14 J 

?3:1 t 

$3 : 
50 : 43 

43 : 
52:1~ 

44: :  
03:15 

54 : 
04 : 2 C  

7: 21 

1 :35 

.0:53 

1 :04 

Comments 

Pilot notes that he had diffi; 
culty  removing  wrench f rom 
work station pouch. 

Pilot  notes cutting wires  is e 
one handed task; cutting fluid 
disconnect is  relatively  diffi- 
cult- a n d  is  a  two handed 
operation 

ELSS flow with monitoring 
Pilot  comments  Ifmedium 

i s  adequate 11 for  work  tasks 
accomplished so f a r  

Pilot  encounters  difficulty wit1 
melted rubber  retainer on 
Saturn bolt causing  increase 
work load because of need 
to  use both hands to   remove  
bolt. 
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Task 

9dapter  Work  Task 
(BPI 

4dapter  Work  Task 
(C ) 

Adapter  Work  Sta- 
:ion Cleanup 

Movement 

Pubtask 

Saturn bolt evaluation 

Hook a n d  ring  evaluation 

Velcro  strip  evaluation 

Center  connector  evaluation 

LeEt hand connector 
e valuation 

Right hand connector 
e valuation 

Retrieve  work station 
camera 

Translation along re t ro / equ~  
ment  adapter  to s / c  hatch 

Position 

W3ist  tethers only 
in adapter 

If  

If 

In  foot  restraint2 
in adapter 

Adapter handrail 

U 
L m 
J 

- 
44 : 
04 :3( 

44 : 
1 0 :5< 

44 : 
12:3 

44 : 
16& 

44 : 
19:4 

c 
u1 
E 
.- 
ii 

- 
64 : 
20:54 

44 : 
12:2 

44 : 
16:l: 

44 : 
18:X 

44 
20:l 

EHVll 

2 
L 
0 
.L 
E - 

6:24 

1 :3; 

3:4;  

DNMENTAL RESEARCH ASSOCIATE5 

Comments 

Pilot notes that IfSaturn bolt 
workspace is way too  close 
to  the  tether ' 1 .  

Pilot  comments that flsmall 
ring  requires  more  delicate 
handling to  get  proper positior 
in h a n d f f .  

C P  a n d  pilbt  consult  their 
respective  task  check  lists. 
Pilot  notes  rfeet  are  actually 
chilly 11 .  

minutes behind schedule 
CP comments Itrunning 4 

beEore this  task  begins. 

Pilot  notes  that  body  position 
is  not a  problem Eor center 
connector. 

Pilot  notes  that left hand con- 
nector  task is Ita bit more 

1. diEEicult 11 because of lack of 
'j handholds. 

Pilot  notes that right hand 

onel f  
'1 connector is Ifquite an e a s y  

2:14! Pilot reports  ,difficulty  detach-:; 
ing camera  from  bracket. .i 

~ Task  completed after only I, 

.I slight delay. 

.I 
1 

:31; Pilot  notes that work station ',I 
camera  almost tangled in  pig-'# 

!/ tail as he Bounded the 
ii separation  plane. 



Task 

Camera  Placement - 
Retrieval/Film 
Change 

dovement 

1 T D A  Work  Station 
rask (h) 

?est (10) 

1 TDA  Work  Station 
rask ( b j  

?est (11) 

P, 

Cubtask 

Exchange  cameras. Pilot 
hands in work station came. 
C P  gives pilot retro-adapte 
camera 

Translation  from  s/c hatch 
to A TDA wark station 

Pip =in a n d  portable  hand- 
hold evaluation.  (Initial plac 
ment) 

Pip  pin and portable  hand- 
hold evaluation.  (Dynamic 
evaluation) 

Fluid and electrical  discon- 
nect evaluation 

Apollo  torque  wrench  evalu 
ation 

7 of 9 

Position 

Spacecraft 
exterior hatch 
are  a 

SpacecraH  exter 
ior Portable 
handrail to  spac 
c ra f t /A  TD.4 
interface 

A T D A  work 
station 

11 

I1 

E" 
i= 
U w 
ul 

m 
W 

n - 

89:21 

91 :5: 

93 : 21 

95 : 54 

99:lO 

:02:2; 

C 

m 
L 

x 

- 
44 
20 

44 
23 

44 : 
24 : 

44 : 
26: 

44 : 
30:  

44 : 
34 : 

EHVII - 

- 
(0 

C 
GI 

c 
i: - 
- 
2:34 

I :14 

2:13 

3:07 

3:46 

1 :54 

- 

BNMENTAL RESEARCH ASSOCIATE 

Comments 

Pilot installs  retro-adapter 
camera and m.&es  exposure 
settings l/25O at 6 frames 
Der second 

Pilot requests  a  rest  period 
after initially placing pip  pins 
and handholds. 

Pilot comments  "pip  pins 
that swivel  are not adequate 
as  handholds 11 

Pilot comments  IILooks  like 
a panel on the  back of the 
Agena is a little loose 1 1 .  

period  revealed  electrical 
Closer examination during  rea 

umbilical panel that failed to 
lrslam shut on left-off~l 
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Task 

4 T D A  Work Statio1 
Task (e/ 

Observation and 
Final Work Station 
Clean up 

Movement 

Optical S u r f a c i  
Evaluation 

Communications 

Umbilical Stowage 

Eubtask 

Apollo  torque  wrench  evalu- 
ation 

Torque  re-evaluation  using 
only  one  waist  tether 

no  tethers 
Torque  re-evaluation  using 

Jettison of pip  pins,  waist 
tethers and portable hand 
holds 
T D A  work  task  using  no 
tethers  (electrical  connector 
evaluation) 

Translation  to s / c  hatch  dol; 
portable  handrail 

Attempt  to  clean s / c  windoa 
with wiper cloth 

Positioning 

Position 

A T D A  work 
station 

t I  

I1 

Spacecraft   exter- 
ior/portable hanc 
rail 

Spacecraft  exter 
ior 
Portable  handrai 
and CP window 

Spacecraft   exter- 

handrail 
ior on portable 

Spacecrafe  exter- 
ior  on  portable 
handrail,  hatch 
area 

t 
i= 
'0 

ul 
Y 

a 
W 
- a 

!04:5 

111 :1 

111 :5 

112:5 

113:5 

114 :3  

- 

U 
L 

;; 
a 

- 
A4 : 
35: 56 

44 : 
42:2: 

44 : 
43 : 01 

44 : 
44 : 01 

44 : 
44 : 51 

44 : 
45:4. 

- 

x 
ul 
E 
.- 
iL 

44 : 
42 : 21 

44 : 
43 : 02 

44 : 
43 : 52 

44 : 
44 :5! 

44 : 
45:41 

44 : 
i36:24 

- 

6:25 

: 4. 

: 5: 

: 5. 

: 44 

: 4. 

- 

Comments 

ttclose  fit of the  suit in the 
arms  1 ' .  

Pilot notes  his  contact  points 
io be  "right  arm,  right  waist 
bether, and right  foot 11. 

Pilot makes  one  last  check d 
left hand thrusters 

Pilot  notes that ItAgena  tethez 
looks  hooked  up and the  dock 
ing bar  clamp  is  engaged" 

Pilot notes  fiat  'Ithe  only 
:hings that are coming  close 
:o being warm  .are m y   a r m s !  
H e  attributes  this  to  the 

c 

- 

I 
t 
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Task 

I 

Ingress 

Thruster  Checkout 
Task 

Handrail Jettison 

Hatch Closure 
Preparation 

Hatch Ciosure 

tubtask 

Tquiprnent S t o w a g e  

7isua.l observations 

-, ~ e a r i ~ g  sf hoses and equ 
nent.  Checking hatch see 
;rea.  Deploy hatch holdir 
ievice. 

Yatch locks in locked  posi 
ion 

Position 

Standing in space 
craft hatch 

Standing in space. 
cr& hatch 

Seated in cockpit 
seat  of spacecrd  

E 
i= 
U 
0 
u) 

W 
IE 
n - CI 

L 
9 

k 

44 : 
+6:24 

c4 : 
4 8 :  01 

i4 : 
50 : 01 

k4 : 
50:45 

'c4 : 
52: Ot 

I :24 

1 :4s 

: 44 

1:05 

I t 

Comments 

Pilot notes that on comparisor 
the  thruster in question  does 
not appear  to  work efEiciently 

Pilot comments that hatch 
seal is clear  except for some 
W e c k s  of dust 11. 

Final hatch lock activated at 
2 minutes  before  sunset. 



TABLE= - AIRCRAFT SIMULATION TIME LINE - FINAL  ITERATION rage IOT L 

I 1 

1 

1 

J 

L 

Task 

klovement 

3estraint 

11 

Restraint 

Positioning 

4gena  Tether 

Positioning 

Agena  Tether 

Subtask 

Translate up handrail  to 
docking  cone 

Attach left waist  tether  to 
T D A  ring 

Attach  right  waist  tether  to 
TD.4 ring 

Evaluating  position with 
tethers  while attached to 
T E A  

AGusting  position on tetherr 

Attach  tether  to  docking baz 

Maneuver  to  favorable  posi- 
tion  to  activate  docking  bar 
clamp 

Docking  bar  clamp  activatio 

Position 

Handrail 

Handrail 

I 1  

T D A  

T D A  

T D A  

T D A  

TD.A 

U 
L m x 
- 

0 

8.1 

?O. 8 

34.6 

37.1 

55.5 

56.1 

59.7 

75.0 

76.2 

92.6 

35.8 

s 
ul 
E 
.- 
L' 

- 
8.1 

20.8 

34.6 

37.1 

55.5 

56.1 

59. 7 

75.0 

76.2 

82.6 

95.8 

101.5 

Comments I 

Aircraft  simulation  does  not 
use  a  spacecraft  mockup for 
:his scbtaak : only  the 

T D A  and handrail. 

N o  tether  was attached to the 
handrail ring. 

Blackout : Time  between zerc 
gravity  parobolas on film. 

Camera is faded out as sub- 
ject  appears  to lose h i s  zero  
gravity  mode. 

Blackout 

Time  measured to point whel 
tether  is  pulled tight on dock- 
ing bar 

Blackout 

Blackout 



TABLE= - Cont'd. P q e  2 of 2 

Task 

I S - 1 0  
I 

s - 1 0  

s -10 

Restraint 

I I  

Movement 

Camera  Task 

Torque  Task 

Eubtask 

. - . . . . . " 

Farring  removal and 
jettison 

S - 10 removal fFom slots 

S - 10 placement on Velcro 

Detach right waist  tether 
from TD.4 

Detach left waist  tether 
f r o m  TDA 

Translation  back handrail 
f rom TD.4 towards  space- 
craft  hatch 

Install  Work station camera 

bolt 
Torquing  operation on fixed 

Position 

-.""- 

TD-4 

I 1  

T E A  

I 1  

11 

Adapter  work 
station 

I t  

. ". 

- 

U 
h 
9 

3; 

- 
01 .9 

15.4 

19.9 

29.0 

49.0 

50.8 

56.0 

70.4 

38.5  

50.8 

ENVIRONMENTAL  RESEARCH  ASSOCIATE! 

- I  * a 
Comments 

1 3 . 5  

4.5 

9.1 

20. c 

1 . 6  

5.2 

14.3 

15. S 

12. j 

42.4 

Appears  to  be  time  missing 
at the beginning of this  task 

Blackout 

Blackout 

Pilot re-attaches  this  tether 
o his E L S S  

to  his E L S S  
Pilot re-attaches  this  tether 

Pilot  moves  back  to end d 
handraiLI3uring this  transla- 
tion he  turns 180" at approxl 
mately half way  down  hand- 
rail. 

This task is not complete 
on film 

Film ends  bdore  this  task 
is  complete 



TABLE Xm 

TIME COMPARISON OF CAMERA RETRIEVAL AND PLACEMENT TASKS 

TASK 

MOVEMENT FROM TDA TO SPACECRAFT HATCH 4 4  40 

RETRO CAMERA RETRIEVAL 8 INSTALLATION 26 2 4  

GLV  STRIP  RETRIEVAL 96 80 

WORK STATION  CAMERA RETRIEVAL 72 60 
- 
* TIME - SECONDS 

112 



TABLE aP. FLIGHT  TIME  LINE-WORK  STATION  TASKS - DETAILED  ANALYSIS Pam I of 3 EIIYIRC 
" 

! r I 
1 

Rsition 

- 
43 : 
43 : 22 

43 : 
49:02 

43 : 
52 : 22 

43 : 
55 : 51 
43 : 
57:55 
43 : 
59 : 44 

44 : 
01 : 25 

44 : 
04 :30 

44 : 
07:31 

- 

'i 
J 

b t 

I 

Torque 

Electrical  connector  (center, 

In foot  restraints 

I1 

Pilot  notes difEiculty removing 
wrench €rom pouch. 
Pilot  notes that Itcrease in 
glove on thumb I t  is beginning 
his hand trouble. 

Adapter Work Task 
(A ) 

5:40 

I :41 

3:29 

43  : 
49: 02 

43 : 
50 :4, 

43 : 
55 : 51 

43 : 
57:s; 
43 : 
59: 44 
44 : 
01 :2: 

44 : 
03:1; 

44 : 
07:33 

44 : 
10:51, 

- 

Adapter Work Task 
(El I 

"utter 11 j Pilot  comments that Itmedium 
, ELSS flow with monitoring 

is  adequate for  work tasss 
accomplished so €a. 

Pip pin and portable  hand- 
iold 
Saturn bolt 

2:04 

1 :49 

I :41 

1 :so 

3: 01 

3:23 

4ttach waist tethers  to work 
station, remove  feet  from 
vestraints and evaluate  body 
dynamics 
Saturn bolt Pilot encounters  difficulty with 

melted  rubber  retainer on 
Saturn bolt causing  increase 
work load because a€ need 
to  use both hands  to  remove 
bolt. 

r t  

I t  

Adapter  Work  Task 
@,I 

Saturn bolt Pilot  notes that  tFSa€urn boit 
workspace  is  way  too  close 
to  the  tethers I t .  

Pilot  commenta that IIsmalL 
ring  requires more delicate 
handling to  get  propes posi- 
tion in hand. 

Hook and ring 



TABLE m- Cont’d. Page 2 of 3 

3 

Task 

4dapter  Work  Task 
(C) 

T D A  Wark  Task 
(a  I 

Cubtask 

Center  connector  evaluation 

Left hand connector  evalu - 
ation 

Right hand connector  evalu- 
ation 

Pip pir? and portable  hand- 
hold evaluation (initial place- 
ment) 

Pip  pin and portable  hand- 
hold evaluation  (dynamics 
evaluation) 
Fluid and electrical  discon- 
nect  evaluation 
Apollo  torque  wrench 
evaluation 

Apollo  torque  wrench 
evaluation 

Fosition 

Waist tethers only 
‘n adapter 

It 

I t  

TDA work 
station using 
waist  tethers 

t t  

t t  

t t  

I t  

91 :3; 

f2: 08 

82:5;  

83 : 3 2  

44:  44:  :36 
12:37 13:13 

44:  44:  :39 
13:l j  13:52 

44:   44:  :35 
14:02  14:37 

14  :37 

24 :26 

44:  44: 2:12 

44: 44: :36 
31 : I 3  33:25 

33 :25 34 : 01 

44:   44:   2 :27  
35:56 38:23 

Cammeats 

CP comments tcrunning 4 
minutes behind schedule It 
before  this  subtask  begins. 
Pilot  notes that body  position 
is not a  problem  for  center 
connector. 
Pilot  notes that left hand 
connector i s  I t a  bit more 
diEficult 11 because  of  lack of 
handholds. 
Pilot  notes that right hand 
connector  is Itquite an e a s y  
one 1 1 .  

Pilot  requests  a rest period 
after  initially placing  pip  pins 
and handholds. 

Pilot  comments Itpip pins 
that swivel  are not adequate 
as handholds. It 

Pilot  notes  that-  Whe  only 
things that a re  coming  close 
to being warm  are my arm-8 
H e  attributes  this.  to  the 11 

Itclose Eit OE the  suit  in  the 
arms ‘ 1 .  



TABLE IIP- Cont 'd. 

t 
Task 

1 '" (C) Work Task 
(Continued) 

EuStask 

rorque  re-evaixation using 
mly right waist  tether 

Torque  re-evaii;ation using 
IO tethers 

Position 

TDA work 
station  using right 
waist  tether only 

T D A  work 
station 
no restraints 

- 

& * 
C 
.- 
G 

7 

44 : 
40 :2L 

44 : 
k 2  : 21 

Qmmcnts 

Pilot notes  his contact points 
to be !!right arm , right 
waist  tether and right  foot I t .  



TABLE XV 

Task 

Adspter  Work  Task 
(A ) 

Adapter  Work  Task 
(E  ) 

Eubtask 

Torque  evaluation 

Torque  task-loosening 
evaluation 
Torque  task-tightening 
evaluation 
Torque   t a sk - l /2  inch bolt 
evaluation 
Center  .connector  evaluation 

Cutter  evaluation 

Pip  piz and portable  hand- 
hold evaluation 
Saturn bolt removal 

Saturn bolt removal 

Hook and  ring  evaluation 

Position 

In  foot  restraints 
in adapter 

I I  

I1 

I I  

I 1  

11 

11 

11 

Waist  tethers  onlJ 
in  adapter 

.- i 

B 
c 
a 

- 
W 
rJ 

- 
37: 55 

38 : 55 

$0:20 

$1 :20 

C2:40 

$6:45 

50:lC 

50 : 56 

52 : 41 

59 : 2 E  

c 
6 s 

- 
37:55 

38 : 55 

+0:20 

+1: 20 

k 2 : 4 G  

$6:45 

5 0 ~ 1 6  

50 : 5 6  

52:41 

59 :2€ 

E r M l  - 

I ra 
L 
0 

> 

1: 
..I 
I 

- 
: 60 

1 :25 

: 60 

1 :20 

1 :10 

3 25 

: 48 

1 :43 

6:47 

3:20 

i 
Cammcatr 

Pilot removes  torque  wrench 
i.om pouch and adjusts  torquc 
jial f o r  loosening  operation 
xi fixed bolt . 

NMENJAL RESEARCH ASSOCIATES 

It 

I 

Pilot hoc ) k s  up left and righ 
waist  tethers. 
Pilot removes both fee t   f rom 
restraints at beginning of  this 
subtask. 
Pilot  comments that Ithe tiroli 
rubber  retainer  strip  around 
bolt'!  during  removal  task. 
Pilot  seta  camera at 6 F P S  
for this task. 



1 

TABLE font 'd  

Task 

'I 
1 

Adapter  Work  Task 
(C) 

T E A  Work  Task 
(a ) 

T D A  Work  Task 
(b 

TDA Work  Task 
(4  

Cubtask 

Nylon a n d  steel  Velcro  strip 
.valuation 

Center  connector evaluation 
CeEt hand connector  evalua- 
:ion 
Right hand connector 
svaluation 

Pip pin a n d  portable  hand- 
$old evaluation (initial place- 
ment) 

Pip pin a n d  portable  hand- 
$old evaluation 
Fluid a n d  electrical  discon- 
lector evaluation 
Apollo torque  wrench 
Evaluation 

Apollo torque evaluation 

Electrical and fluid connector 
evaluation 

Torque  re-evaluation 

Connector evaluation 

Torque  re-evaluation 

.C 

Page 2 af 2 
.I- 

Position 

Waist tether  only 
in adapter 

ll 

It 

ll 

Two waist  tether 

One  waist  tether 
only 

II 

I I  

No tether 

EllVlRONMEHTAL RESEARCH ASSOCifilE -I Cammcnts 

-c 
I 

Pilot adjusts  his  tethers and 
and changes  camera  setting 
at end of this  subtask 

Pilot changes  camera  back 
'0 1 FPS at 73: 03 



TABLE XEI 
ELECTRICAL CONNECTOR  TASK  COMPARISON 

L 

CONNECTOR DESCRIPTION ORBITAL U WATER # 
SIMULATION 

PORT 180 35 

CENTER 2 0  39 

STARBOARD so I02 

e TIME- SECONDS 

118 



I 

TABLE Xvrr 
BIOMEDICAL INSTRUMENTATION COMPONENTS FOR THE 

WATER SIMULATION 

I== SENSOR 

0 2  Content  (exhaust) 

COe Content  (exhaust) 

Airflow 

1 Respiratory Rate 

Skin  Temperature 

PRIMARY 

Beckman  type E 2 

Per kin E lmer 

Type A S  

Fisher-Porter 
'Florater' (nd) 

Skin  Mounted 
Electrodes 
(sternal) 

Impedance 
Pneumograph 

Thermistor Probe 
(posterior  to earlobe 

BACKUP 

Beckman  type D I 

Liston -8ec ker  (nd) 

0 

0 

0 

0 

119 



TABLE XSZIU 
RESULTS OF BIOMEDICAL  ANALYSIS OF GEMINI XU PREFLIGHT  SIMULATION 

ASTRONAUT  ALDRIN 
'I 

CODE TASK 
BTU/Hr. BODY RESP. HEART 

Ft.* CO, TEMI? RATE RAT E 

A .47 971 12 65 63.7 Resting In  Water 

B .57 15 1 97.0 05 38.2 Agena Tether Task 

C 

.50 96.6 18 95 40.6 Torque Wrench  Evaluation D 

.62 97.0 24 90 53. I Adapter Work Task 

E 

-50 97.0 12 80 37.3 Apollo Torque Wrench Evaluation F 

.70 97.6 18 75 51.2 Velcro Evaluation 

1 

I 1 G I Working On Line 
'I 1 39.0 I 65 i /  21 

Working On Line 1 69.3 1 100 1 27 1 98.2 I .75 1 
I 



TABLE XU 
RESULTS OF BIOMEDICAL  ANALYSIS  OF GEMINI XE PREFLIGHT  SIMULATION 

I I BODY 1. BTU/Hr. I HEART \ RESP. 
I 

1 CODE , TASK 

1 A 1 Resting 97.9 ~ - 65 1 6 37.5 
i Ft2  i RATE / RATE TEMP. I co2 

I I 
i 

I 

I 
I 

I I 1 B Working - NO Suit 

I I 
1, D 1 Working -No Pressure 1 927 68.2 , 100 ! 18 

I 1 

i 

! I 

E 1 Resting - Pressurized 
970 -f 19.0 1 65 i 15 

I 

I 

Working-Pressurized .9 98.2 27 
82.1 j 150 

G .4 90.4 15 
Resting-Pressurized I 21.1 1 100 

I 
I 

- 

scale '9.9 off - 
.6 99.4 - 27 130 12.6 Resting - 5 %  CO, 

Worklng - 5 YO CO, 20 I35 165.0 



TABLE 3cI TASK TIME - TASK ENERGY COMPARISON Page I of 3 

c. 
N 
N 

I 

I 
P o s i t i o n i n g p e s t r a i n t  

!?est (1) 

Camera Placement- 
R e t r i e v a l F i l m  Change 

Positioningzestraint 

RetrievaJ./Film Change 
Camera Placement- 

P o s i t i o n i n g / R e s t r a i n t  
' Rest (21 

Pos i t ion ing /Res t r a in t  
I Movement 

P o s i t i o n i n g p e s t r a i n t  

Agena Tether  

P o s i t i o n i n e P e s t r a i n t  

Rest (31 
s-10 

Pos i t ion ing /Res t r a in t  

TDA Work S t a t i o n  
Preparat ion 

Rest (4) 

Pos i t ion ing /Fks t r a in t  

Movement 

R e t r i e v a l F i l r n  Chanpc 
Camera Placement- 

GLV S t r i p s  

- -"a 
ELAPSED TIME 

(min.:sec.) 

Flight 

0:oo 
1: 52 

3 :01 

4 :40 

5:25 

6:  20 

6: 54 
8:37 

9:47 

10:35 

12 : 23 

14 : 59 
15 : 52 

18 : 03 

21 :48 

22:47 

23 : 58 

29 : 09 

31 : 19 

32 : 20 

33 : 02 - 

Preflight 
Simulation 

0:oo 

4:35 

: 50 

2: 55 

3:20 

4:25 

5 : 50 
6:20 

6:30 

7: 01 

8: 57 
10:37 

18 : 09 

12 : 32 

13 :27 

14 : 42 

31 : 01 

19 : 49 
22 :49 

23 : 29 

23 : 53 

Flight 

1:40 

: 52 

1:39 

: 15 

: 55 

: 27 

1:43 

1:05 

: 41 

1:45 

2 :20 

: 38 

2 :07 

3 :39 
: 40 

1:06 

5:08 

: 49 

: 44 

: 26 

1:36 

TASK TIME 

(min.) 

Preflight 
Simulation 

: 50 

: 25 

: 60 

: 25 

:65 

: 10 

: 30 

: 10 

: 31 

1: 56 

1:40 

1:30 

1:40 

: 55 
1:15 

3 :27 

1: 51 

3 :00 

: 40 

: 24 

1:20 

Increment 

+ 0.84 

+ 0.45 

+ 0.65 

+ 0.33 

- 0.06 
+ 0.28 

+ 1.22 

+ 0.91 

+ 0.16 

- 0.18 
+ 0.66 

- 0.87 
+ 0.45 

+ 2.73 

- 0.56 
- 2.35 
+ 3.28 

- 2.12 
+ 0.06 

+ 0.03 

+ 0.27 

ENVIRONMENTAL  RESEARCH  ASSOCIATE! 

TASK ENERGY COST 

Flight 

12 

10 

31 

11 

12 

3 

11 

13 

12 

24 

37 

5 

19 

72 

14 

28 

19 8 

20 

14 

9 

33 

- 

(BTU) 

Preflight 
Simulation 

5 
5 

11 

9 

17 

2 

2 

1 

1 

5 

17 

23 

9 
10 

13 

56 

26 

6 

4 

3 

15 

Increment 

+ 7  
+ 5  

+ 20 

+ 2  

- 5  

+ 1  

+ 9  
+ 12 

+ 11 

+ 19 

+ 20 

- 18 

+ 10 

+ 62 

+ 1  

- 26 

+ 172 

+ 14 

+ 10 

+ 6  

+ 18 



TABLE P Cont'd. Page 2 of 3 

TASK 

Camera Placement- 
Retrieval/Film Change 

Positioning/Restraint 

hvement 

Camera Placement- 
Retr ievalFi lm Chanpe 

Rest ( $ 1  
Positioningzestraint 
Hork Stat ion Prepara- 
t ion  

Rest ( 6 )  

iyork Stat ion Prepara- 
Cion 

Adapter Work Task 

Rest (7) 

Adapter Work Task 

( A )  

(Bi) 

Sest ( 8 )  

idapter Work Task 
(E2) 

Rest ( 9 )  

Adapter Work Task 
( C )  

Adapter Work Stat ion 
Cleanup 

Movement 

ELAPSED  TIME 

(min.:sec.) 

Flight 

34 : 42 

36 : 05 

36:37 

38:40 

41 : 02 

42 : 09 

45 : 47 

47 : 17 

49 : 37 

52 : 17 

59 : 38 

61 : 17 

72 : 11 

73:25 

79: 53 

81 : 32 

85:36 

88:37 

Preflight 
Simulation 

25:13 

- 
26:13 

26 : 48 

36 : 02 

28:38 

32: 52 

44 : 45 
4 - 

37:55 

69:53 

46:45 

77:30 

52 : 41 

85:32 

71: 53 

79: 30 

89 :42 

Flight 

1:12 

: 26 

2:02 

2:22 

: 57 

2:50 

1:18 

2 :09 

2:36 

7:21 

1:35 

10: 53 

1:04 

6:24 

1 :31 

3 :42 

2 :14 

: 31 

TASK TIME 
(min.) 

Preflight 
Simulation 

: 60 

- 
2:25 

1:13 

1:53 
: 10 

1:43 

2:oo 

- 

6:50 

2 :oo 

6:56 

2 :oo 

10 : 07 

3 :10 

5 :15 

3:50 

1:04 

Increment 

+ 0.20 

+ 0.43 

- 0.38 
+ 1.15 

- 0.93 
+ 2.66 

- 0.42 
+ 0.15 

+ 2.60 

+ 0.52 

- 0.42 
+ 3.57 

- 0.93 
- 3.43 
- 1.65 
- 1.33 
- 1.60 
- 0.55 

ENVIRONMENTAL RESEARCH  ASSOCIATE! 

TASK ENERGY COST 

Flight 

.24 

8 

42 

73 

24 

54 

18 

28 

36 

146 

18 

187 

19 

146 

21 

71 

59 

12 

(BTU) 

Preflight 
Simulation 

17 

- 
41 

7 

25 

1 

25 

21 

- 
110 

33 

79 

45 

126 

21 

140 

58 

20 - 

Increment 

+ 7  

+ 8  

+ 1  

+ 66 

- 1  

+ 53 

- 7  

+ 7  

+ 36 

+ 36 

- 15 

+ 108 

- 26 

+ 20 

0 

- 69 

+ 1  

- 8  



TABLE 11 Cont'd. EIVIRONMLWTAL RESEIRCH ASSOCIATE! 

TASK ENERGY COST 

(BTU) 

~ 

TASK 

ELAPSED TIME 
(min.:sec.) 

TASK TIME 
(min.) 

- 

Preflight 
Simulation 

Flight Preflight 
5imulat  ion 

Increment Flight Preflight 
Simulation 

Increment Flight 

Camera Placement- 
R e t r i e v a l F i l m  Chanpe 

qovement 

TDA Work S t a t i o n  
Task ( a )  

Rest (10) 

T D A  Work S t a t i o n  
Task (bl  

Rgs t  (11) 

TDA Work S t a t i o n  
Task ( c )  

Observation and Fina l  
Work Stat ion  Cleanup 

Movement 

Opt ica l   Sur face  
Evaluat ion 

Umbilical  Stowage 

Ing res s  

Thrus t e r  Checkout 

H a n d r a i l   J e t t i s o n  

Hatch Closure 
Prepa ra t ion  

Hatch Closure 

63 

32 

58 

58 

65 

30 

159 

18 

20 

30 

21 

37 

31 

8 

17 

- 

+ 24 

+ 8  

+ 25 

+ 46 

+ 27 

+ 10 

+ 93 

+ 8  

+ - 9  

+ 23 

+ 21 

+ 31 

+ 31 

+ 2  

+ 11 

- 

R9:21 

91: 59 

93 : 2 1  

95:54 

90 : 46 

93 : 04 

5l+ : 09 

92 : 19 

2 : 3 4  

1: 14 

2 :13 

3 :07 

3:16 

1: 54 

6:25 

: 41 

: 51 

: 55 

: 43 
1:28 

1 :49 

: 44 

1:05 

- 

1: 33 

1 :05 

2:lO 

: 45 

3 :40 

2:oo 

9:lO 

:35 

1:04 

: 55 

- 
: 27 

+ 1.01 

+ 0.15 

+ 0.05 

+ 2.37 

- 0.40 
- 0.10 
- 2.45 

+ 0.10 

- 0.22 
0 

+ 0.72 

+ 0.95 

+ 1.82 

+ 0.26 

+ 0.60 

- 

39 

24 

33 

12 

38 

20 

66 

10 

11 

7 

- 
6 

- 
6 

6 

- 

99 

1 0 2  

104 

111 

111 

112 

10 

57 

51 

16 

57 

55 

19 

19 

54 

110 : 04 

113 : 39 

4:55 

I 

114 : 36 

115 : 19 

116 : 56 

118:  56 

- 
116 : 23 

- 
50 

18 

47 

: 28 

: 29 

- 

116 

117 

117 

119 : 40 

121 : 01 



TABLE. XH 

GT XI1 Task Complement 

[:.I:. EVA EVALUATION , . TASKS I 
O RESTRAINT EVALUATION 

O SUIT  MOBILITY EVALUATION 

O TORQUE 

O MAINTENANCE 

1 EVA SUPPORT TASKS 1 

O CAMERA PLACEMENT 8 RETRIEVAL 

O MOVEMENT 

* REST 

I EXPERIMENT SUPPORT  TASKS I 
O s - I O  

AGENA TETHER 

O G L V  STRIPS 

125 



TABLE XXLI 
EVALUATION  OBJECTIVES FOR VARIOUS EVA  SUBTASKS 

Camera Placement  Evaluation 

Rest (2) 

Foot  Restraints 

Connector X 

I Cutter I x  I Pip - pins 8 Handhold I x  
1 Saturn Bolt l x  I Hook 8 Ring l x  

Apollo  Torque Wrench 

Optical Surface Evaluation 

X Velcro  Strips 

X 

X 

X 

X 

X 

X 

~ 

X 

X 

X 

X 

X 

X 

x 

126 



TABLE mXm 
EFFECT of RESTRAINT MODES ON W O R K  TASKS FOR TLtGHT AND WATER SlMULATIO)I 

ADAPTER WORK TASKS 
I I 

FOOT  RESTRAINTS WAIST TETHERS I 
I I I ~ ~~~ ~ ~ ~~~~ ~ ~~ 

FLIGHT SIMULATION -FLIGHT SIMULATION 

Min : sec. BTU/hr.  Min:sec. BTU/hr. . Min,tec. BTUlhr. . Min:sec..  BTU/hr. 

TORQUE 

1664.8 440 1240.0 2:56 810.3 1:IO 1042.9 1:41 CONNECTOR 

782.3 I 6:47 1339.8 431 1096.6 6:23 1177.5 7:29 

I 

CONNECTOR - 722.5 3 9  1153.6 242 - 3:37 - 371.3 - 145 432.0 

TOROUE 356.6 1:45 1835.8 2:Ol 555.3 2:33 1600.0 1:57 410.1 1:35 1158.9 3 ~ 0 3  



TAQLE XXlX 
REST PERIOD PERFORMANCE 

5 797.9 I .88 1515.8 0.95 

6 630.0 2.00 781.4 2.15 

7 990.0 2 .oo 683.5 1.58 

a 1350.0 2.00 1065.4 1.07 

8 397.5 3.17 828.9 1.52 

IO 960.0 0.75 1115.4 3.12 

II 600.0 2.00 947.4 1.90 

12 625.0 I .92 - - 
TOTAL - 20.16 - 22.13 

AVERAGE 706.9 1.68 987.t 2.01 
I 

128 



Handrail Erection 

Figuro 5-1 GEMINI 1[IT COMPARISON . OF ORBITAL  FLIGHT,  WATER a AIRCRAFT  S lYULATlON 

SELECTED FILM SEQUENCES (FIVE SECOND INTERVALS) Paga I of22 



Handrail Erection 
. - - " . . . .. 

Figuro 5-1 Paqr 2 of 22 



Movement From Hatch To TD A 

Vgure 5-1 Cont'd. Pogo 3 of 22 



Movement From Hatch To TDA Waist  Tether  Evaluation 

(no aircraft film available) 

Figure 5-1 Cont'd. Pogo 4 of 22 



- ~ ~ ~~~ 

Waist Tether  Evaluation Rest 

(no aircraft film  available) 

Figuro 5 -  I Cont 'd. P a g o  5 of 22  



Rest 

. 

(no aircraft film available) 

Flguro 5-1 Cont'd. Pago 6 of 2 2  



Agena Tether Task 



Agena  Tether  Task 

(no aircraft  film  available) 

Figure 5-1 Cont 'd. Page 8 of 22 



Agena Tether Task 

(no aircraft film available) 

Figuro 5-1 Cont 'd. Page 9 of 22 



Agena  Tether  Task 

(no aircraft film available) 

Figuro 5-1 Cont 'd. Pago IO of 22 



Movement  From  Hatch To TDA Work  Station 

(no aircraft film available) 

Flguro 5 - I  Cont Id. Page I1 d 22 



Movement (Cont'd.) TDA Work Tasks: Pip-Pin 8 Handhold Placement 

(no aircraft film available) 

Figure 5-41 Cont'ct. Page 12 of 22 



Pip-Pin S Handhold Placement 

Figuro S-I Cont'd. Pago 13 of 22  



Pip-Pin 8 Handhdd Placement 

I '  

'iguro 5-1 Cont 'd.  Pago 14 of 22 



Pip-Pin - &  Handhold  Placement 

Figuro S - I  Cont'd. Pago IS of 22 



Pip-Pin & Handhdd  Placement 

Figure 5 - 1  Cont 'd .  Paga I6 of 22 



~ 

Pip-Pin 8 Handhold Placement 

(no aircraft  film  available) 

I 



Pip-Pin & Handhold Placement 

(no aircraft  film  availaue) 

Rest On T D A  

Figure 5 - I Cont 'd . Page IO of 22 



Rest On TDA 

(no aircraft  film  available) 

Figuro S - I Cont'd. Pago 19 of 22 



Rest On TDA 

(no aircraft  film  available) 

J 

Figure 6 -  I Cont ' d. Page 2 0  of 22 



Rest On TDA Waist Tether Adjustment 

(no aircraft film available) 

Cigurr 5 -1  Cont 'd. Pago 21 of 22 



Apollo Torque  Wrench  Evaluation 

t 

(no aircraft  film  available) 

Figure 5-1 Cont'd. Pago 22 of 22 



HANDRAIL ERECTION  MOVEMENT FROM HATCH TO DOCKING BAR 

AGENA TETHER TASK S-010 DEPLOYMENT 

TDA WORK STATION  PREPARATION 

RETURN TO HATCH MOVEMENT 
I 

TO ADA,PTER  SECTION 
J 

Figure 5 - 2  Gemini XII SEQUENCE OF PREFLIGHT WATER SIMULATION (30 SECOND INTERVALS) 



MOVEMENT TO  ADAPTER  SECTION  CAMERA  TASK  REST 

WORK  STATION  PREPARATION 

F O O T   R E S T R A I N T   E V A L U A T I O N  

ADAPTER WORK TASKS 

Figure 5 -2  Cont'd. 



ADAPTER WORK TASKS I 

FOOT RESTRAINT EVALUATION 

ADAPTER WORK TASKS 

5-2 Cont'd. 



ADAPTER WORK TASKS 

CAMERA RETRIEVAL  MOVEMENT 1 

1- 

Figuro be2 Cont 'd. 



TO HATCH EXCHANGE OF CAMERAS MOVEMENT TO TDA 

TDA WORK TASKS 

Figure 5-2 Cont'd. 



figure 5 - 3  PIP  PIN  DEVICE 

Standup 
Famlfiarlzatlon s-IO 

Adapter  Work  Tasks T D A  Work  Tasks 

To Adapter To T D A  

Plume  Observation lnpress 

" 

Figure 5 - 4  MAJOR TA3K-EVENTS OF THE GEMINIXU UMBILICAL EVA 

156 





connotar time line not contlnuour 

HANDRAIL  ERECTION 

ir) MOVEMENT  TO DOCKING BAR (4 AGENA TETHER TASK 

bri) REST 

(4 S-010  a TDA WORK STATION  PREPARATION 

Figure 5 - 6  SEQUENCE OF AVAILABLE  FILM FROM THE  GEMINI XIt FLIGHT 
(THIRTY SECOND  INTERVALS) 



Hconnotms  time  line not continuous 

TDA YORK TASKS 

Figure 5 - 6  Cont’d. 



w) connotes  tlme line not continuous 
~~~ 

EGRESS  SPACECRAFT 

~ ~~ 

(*I MOVEMENT  FROM HATCH TO DOCKING BAR 

AGENA TETHER  TASK (*) S-010 DEPLOYMENT 

(a) T D A  WORK TASKS 

Figure 5 - 7  SEQUENCE OF AVAILABLE  AIRCRAFT SIMULATION  FILM 

(THIRTY SECOND INTERVALS) 



NASA -5.66-1179 9 

STRA 
SUIT 

P 
1 
OE 

.E G 

FI.WW 5 - B LEG TETHER C'ONFIGURATION FlOuIe 5 - 0  CAMERA  PLACEMENT  EVALUATION  WHILE 

STANDING IN COCKPIT UNTETHEREO 

Flwra 5-10 C A Y I A  PLACEMENT  EVALUATION - BODY 
OUTUDI SPACECRAFT  HATCH 

Flpura 5 -I1 PILOT'S  INITIAL  RESTINQ  POSITION ON 
PORTAOLE  HANDRAIL 

161 



Flgure 5-12 RlQHT WAIST TETHER  TO PORTABLE 

HANDRAIL RING 

DOCKINQ CONE U-BOLT 
FOR WAIST  TETHER 

ATTACHMENT POIN1 

Figure 5-14 AGENA TETHER CONFIGURATION R l l O R  T O  

ACTIVATION BY ASTRONAUT 

162 



FIW8 6 -16 5-010 FULLY DEPLOYED 011 TDA 

..I.." .:, . .  . - . ~ 

NASA.S.66-11852 , ' .  ( .  
. -1 

GEMINI X n  I 

EVA  ADAPTER WORK STATION 



” .. . 

?Mu,. 6 -I# ASTRONAUT ALORIU PERFORYIUQ  CEUTER  ELECTRICAL 

CONNECTOR  EVALUATIOU 

?lgura 6 - W  ASTIIOUAUT ALDRIU  DURINQ YOVEYENT FROM 

ADAPTER TO SPACECRAFT  HATCH  AREA 

164 
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6.O-CONCLUSIONS 

While water  immersion simulation proved  to  be vary useful ita mzpport- 
ing the  Gemini E V A  program,  the Gqpini E V 4  program in turn  cause# 
a rapid evolution and re-evduation  of  the  water  immersion simulation 
technique at ERA. The inclusion of biomedical measurements toward 
the end of  the  program  particularly heightened  the  value of  water  im- 
mersion simulation of EVA. 

In  general,  the  water  immersion  technique  offers a simulation medium 
which  closely  compares with actual space  performance.  Direct  numer? 
ical correlation  must await missions  wherein  experimental  tasks  can  be 
designed for  direct one f o r  one  cQmparison and where  more  extensive 
biomedical  instrumentation is included in the  flight. The  results  of the 
s tudy  strongly  &firm:  the validity of water  immersion a s  a simulation 
tool f o r  support  of  future EVA and IVA activities. 

6.1 - CORRELATION- W T M  SPA-CE PERFORMANCE . I  , -  

Time  Line - The  task time  line  developed  during the  water  immersion 
simulatiqn was  used  to  establish  target  times and wae not intended a s  cr 
rigid performance  specification.  The tasks were not performed in 
space in exactly  the  same  sequence as wa8 rehearsed in the water. 
A s  an eeaqple, the  task  of collecting deposits on the  spececrdt wind- 
Bhield was  performed  early in the simulation and very late in space. 
Additional tasks  such  as the  inspection  of a vernier  rocket  were not 
performed at all in the simulation. There  were,  however,  various 
task  groupings that occurred in sequence and formed  the  basie  of  the 
detailed comparison.  These  comparisons  confirm a very  dose  rela- 
tionship between  preflight training and flights.  The data gtrongly SUP-  
por te  the  use of water  immersion to establish time lines for  future BVp.  

Velocity - The  most  serious limitation imposed by the  use  of  water im- 
mersion as  an EVA trainer and simulator is  that of the  drag  associated 
with movement,  This  factor  becomes o€ minor  importance fo r  low  ve- 
locities in the  range  of 0.5 feet   per second  or  less,  since  as  the  velo- 
city  approaches aero the d r a g  approaches zero.   The velocity  associatad 
with a typical movement  sequence in the travel  down  the  telescoping 
handrail,  proved to be  approximately .25 feet   per second in both water 
immersion gnd orbital flight.  The  period involving the  greatest distanqe 
excursion during E V A  was the  movement  sequence  back to the  adapter, 
This  sequence i4 not recorded on film for  the  flight since  there  was  nq 
camera  ooverage,  Analysis  of  the  water  immersion  pneflight  film  shows 
this 9 foot  distance  to  be  traversed in 27 seconds f o r  an averqge  velo- 
city  of 0.33 feet  per second  or  the  same a s  in the  simulation. 

While future EVA tasks may result in grepltey velocitiqs  which  become 
a problem in w d e r  immersion simulation, the  Gemini XLT was perfQrrJ?sd 
within a velocity  range  where  water d r a g  $id not ppove  to  be +m im- 
portapt factor. 
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Kinematic8 - The  film  supplement  to  this  report  includes  a  portion in 
which  a  split <Fame technique  has  been U E ~  to maperimpope three 
duced  sige frames on  one 16 mm  frame.  The  upper  center  shows 
the  film Prom orbit - the  lower  left  Shows  the  film  from  preflight  water 
immersion - the  lower  right  shows  the  film  from  preflight  zero graviby 
aircraft  when  available.  Although  the  camera  anglee are  different  for 
each  view, a careful s tudy  shows that performance is very similar in 
both time and mQtion between orbital  flight a n d  water  immersion.  The 
comparison  between orbital  flight and zero  gravity  aircraft  shows siqi- 
Iarity in motion but a  major  dBerence in time.  Performance in the zerp 
gravity  aircraft  wae  always  faster but was not a  conetant  ratio.  The 
ratio  appears  to  be  task  dependent with the  time in the zero gravity 
parabola controlling the speed  of  the  task. 

Work  Load - Biomedical data from  preflight  has  been  carefully analyzed 
and indicaters, that f o r  GT-XU type  tasks,  heart  rate is a valid indi- 
cator of the  relative  work ,'cad of  the  astronaut.  Oxygen  uptake  me- 
thods  require  a  time  to  reach equilibrium whit* is not  consistent with, 
the  task  times  experienced.  Heart rate, on the  other  hand,  increase@ 
during periods  when  the  astronaut is obviously  working  harder and de- 
creases during periods  of  lesser activity. I n  additioq, heart  rate and 
respiration  rate  were  the  only  measures  of  physiological output made 
and currently  planned for  future  missions and  will,, of necessity, 
f o rm the  bagis  of  comparison for tasks in the  near  future. 

Heart  rate  comparisons  between  the simulation and space  when  deter- 
mined on the  basis  of  the  preflight  ergometry,  shows that the perfor-  
mance  of  the  tasks in orbit required  a  higher  metabolic output than wss  
required in the  simulation,  particularly for moderate or  higher  work 
tasks. Low level  work  tasks and re&  periods  are  affected  by  secon# 
order balance  oonlsiderations in the isimulation rgince the  astronaut is not 
at zero grgvity. inside  the  suit. 

Since  early  considerations of water  immersion simulation  concluded that 
work in the simulation would be  greater than work in space,  the G T - m  
data showing  greater  work load in space  was  unexpected and calls fo r  
a review  of the aimulation ver8us orbital conditions. A cursory evalu- 
ation indicates that thermal load and  atmospheric  pressure  effects  may 
account f o r  the  unexpected  lower  work load in simulation. There  was 
no attempt duripg  the simulation runs to  control these  effects.  Table 
summarizes  the impgrtant  conclusions  developpd aa a  result  of  this 
s tudy .  

6.2 " - UTILITY  ~ .~ OF TME S I M U L A T I O N  

Training - Astronaut  Aldrin accumulated more than 20  hours  of  water 
8imUhtiOn prior  to flight  including the original GT-XIl task  line.  The 
last  eeseion,  6  Izours, was held 14 dayrsr prior  to orbital EVA. Two 
weeks after return  from orbit he  performed a pQstElight evaluation of the 
~imulation. M e r  each  ses$ion, an informal  de-briefing  wae held to din- 
cuss  performance,  procedures, agd suit operations. As a reeuft of 



these discussions, task sequences  were shifted, procedures   were al+ 

tered, and suit  operation  was  modified in arder tcP optimize  the  astro- 
naut Is performance. As a result  of thi4 orbit4  performance  preview, 
Astrongut  Aldrin  gave  special attention to continuously  relaxing  specific 
muscle  groups in order  to  be  sure that he  wae  not  performing  unnece6- 
gary  work.  Even d e r  the  postflight  simuJation,  the  astronaut  commente# 
that  he wae still learning  how  to  work within a pressure  suit .  

G T - m  training  included  Command  Pilot Love11 performing  the  control 
and monitoring  function  he  performed in space.  Subjectively,  the  crew 
reported that  the  simulation  training was in part  responsible  for  success 
of  the GT-XU EVA. The  results of the analyses performed  during 
this  contract  support  this  conclusion. A complete  comparison  of  the 
available  data, however,   shows that  while  the  simulation  was  adequate 
f o r  the tasks  performed  during  Gemini X U  EVA, future  tasks  requiring 
greater  work  loads will require  higher  fidelity  more  closely  controlled 
simulation. 

Equipment  Evaluation - Contracts NAS 1-4095 and  NAS 9-6584 were 
primarily  for  the  purpose  of evaluating prooedvres and training person- 
nel. It was  immediately  apparent,  however, that the simulation  also 
offered a means  for  evaluating  potential  flight  equipment  configurations. 
The  problems of handling  portable hardware,  such as cameras and 
tools,  became  obvious  when  viewed  through  the  means  of high fidelity 
simulation.  This  does  not  mean that each  piece  of  equipment  need  be 
an  exact  copy  which  has  been  made  neutrally  buoyant  for high fidelity 
simulation.  Important  operating  concepts  must  be  faithfully  reproduced, 
however,  and where  gross uncontrolled  motions occur,  the  hardware 
must  be  made  neutrally  buoyant without changing its geometric  charac- 
teristics. 

Restraints - The speciEic tasks  comprising  the EVA time  line  were not 
performed in the  same  sequence in the  flight and  simulation. Both the 
number and spacing OE the rest periods  were  different.  Consequently, 
the  astronaut's  subjective  analysis of the  task  comparison  particularly 
of the  value  of  restraints  must  be  given first priority.  Subjectively, 
the  astropaut  reported  a  preference  for  the molded foot  restraints.  Thie 
preference is partly  due  to  the  combination  of  these  restraints  with  the 
Gemini suit which is relatively  inflexible in the  foot and leg  area  thus 
providing  a preferred attitude position  maintenance  characteristic.  Waist 
tethers  provide  control of the  maximum  excursion  distance  between  the 
tether  points and the  astronaut but provide little control  over attitude. 
Future  plans  for  the  use  of  the molded foot  restraints  should take into 
account that the  Apollo  suit,  being  reasonably  flexible in  the  foot a n d  leg 
ar%a, will not provide  the  same  position  maintenance  characteristics as 
did the  Gemini  suit. 

Another  factor complicating  the  evaluation  of  restraints is the  length  of 
individual tasks. Since  the individual tasks   were OE short  duration a n d  
were  not performed in the  same  sequence in simulation and space,  it 
became  advantageous  to  evaluate  the  contribution  of  restraints in the 
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other Gemini EVA Is. In the  Gemini  program,  the  only long term 
E V A  task performed in a  repetitive  sequential  manner  was  the A M U  
activation  taqk.  Information  on  this  task  included.: 

(1) Astronaut  Cernan  performing a postflight  evaluation of GT-w 
using Eoot stirrups. 

(2) Astronaut  Aldrin  performing  preflight GT-XU using  molded 
foot  restraints. 

(3) E R A  subject  performing GT-X and GT-XU with foot  stirrup?. 

(4 )  ERA subject  performing activation tasks with no  restraints. 

The  difference  between GT-IX a n d  GT-XU activation was  the  type and 
location of  the  foot  restraints. GT-IX had stirrups mounted  on  a bar 
relatively high  while  the GT-XU version  used  the  molded  foot  restraints 
mounted  below  the AMU.  Comparative evaluation  supportea b y  subjec- 
tive  comments rstrongly suggest that the  overall  task  of  AMU  activation 
was  easier without restraints. 

The  unrestrained  subject  moves  during  the  task a n d  optimally  positionB 
the suit relative  to  the  required  subtask.  The G T - M  restraint re-  
quires  gross  suit  bending  to  reach  lower  portions  of  the  AMU and the 
GT-XZT restraint requires much  higher  level effqrt due  to  the preferred 
work location  of  the  torso  (a  suit  problem  reported b y  E .  Aldrin  dur- 
ing debriefing).  In  summary,  restraints  must  be  considered  for  future 
mission  requirements on the  basis  of  their value  to  the  performance of 
particular  tasks. 

Table XYLZ summarizes  the utility of  water  immersion  simulation  relative 
to  the  Gemini EVA program.  Starting with the  Gemini IV EVA with 
no  contribution,  water  immersion  simulation  continually had an increap- 
ing role in support of the EVA.  A major  value of the sirnulation 
proved  to  be  the capability  to  visually  preview  space  performance,  thus 
allowing  mission  planners  to  synthesize and coalesce  the  flight  plan into 
a  final  task  line with assurance that the  astronaut would  not be r e -  
quired  to  drastically  alter  his  rehearsal  procedures.  Further,  the re- 
sults  indicate that  candidate hardware  configurations  can  be  adequately 
evaluated  prior  to  use in space. Also, the  astronaut  need  not  be re- 
quired  to  pre-evaluate  each  piece of hardware and choose  which  hard- 
ware  configuration and procedure  he will u s .  Rather,  a  repetXve 
analysis  can  be  made utilizing personnel  of  equivalent  performance  capa- 
bility  to  narrow  down  the  range  of  choice. 

Water  immersion simulation  should form  the  basis  for  the  development 
of  time  line a n d  hard data relative  to  equipment and equipment  layout 
for  future  missions.  The  Gemini XU E V A  consisted  of  a  well  identified 
set of Casks of  relatively  low  work load interspersed with many rest 
periods.  Also,  the  task  took  maximum  advantage  of  restraint  technique@ 
evaluated prior  to  the  flight. Care must  be  exercised in applying these 
techniques  to  new  areas  of E V A  requiring high work  loads. Continuoug 
water  immersion simulation is required  as well as support  from  other 
modes  such as the  zero  gravity aircraEt to  supply  information  unobtain- 
able from  water  immersion  simufation. 
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TABLE XXP 
CONCLUSIONS 

# WATER IMMERSION  SIMULATION  -TRAINING  CONTRIBUTED MATERIALLY TO 

THE SUCCESS OF GEMINI H1: 

+FOR NEAR FUTURE E V A  TASKS THE WATER IMMERSION TECHNIQUE 

SHOULD BE THE PRIMARY SIMULATION  MODE 

*TIME CORRELATION IS ADEQUATE WITH WATER IMMERSION SIMULATION 

0 HEART RATE - WORKLOAD CORRELATION IS THE PRIMARY METABOLIC 

MEASURE DUE TO SHORT TASK  TIMES AND SLOW EQUILIBRIUM 

RESPONSE TIME OF OXYGEN UPTAKE METHOD 

*MODERATE TO HIGH WORK TASKS EXHIBIT GREATER HEART RATES IN SPA'CE 

#LOW WORK TASKS  E.G. RESTS ARE AFFECTED  BY 2nd ORDER BALANCE 

CONSIDERATIONS IN WATER 

0 AIRCRAFT  SIMULATION 

INCREASE 

IS VALID  KINEMATICALLY  BUT REQUIRES TIME 

#EXACT NUMERICAL CORRELATION REQUIRES RESOLUTION OF THERMAL AND 

PRESSURE EFFECTS 



TABLE XXPI: 

SUMMARY OF GEMINI EVA  RESULTS  AND  APPLICABILITY OF WATER IMMERSION  SIMULATION 

FLIGHT OBJECTIYES I PERFORMANCE 

GT - 4  - Feasibillty  Demonstrated mans 

(HHMU) EVA 
- E. V. Motion  capabil ity  to  perform 

GT-SA  -E.V.  Motion 
( A M U )  

Terminated  early  due 
to  excessive  workload 

GT-IO . -E.V.  Motion Flrst  transfer  between 
(HHMU) spocecraf t 

-Retrieval of  lnadvertant loss o f  
experiments  equipment 

Terminated  early  due t o  

Terminated  early  due 

GT-12 -Evaluctlon  of : Success!ui performance 
restraints, of a l l  tasks  
potential  Workload  remained  below 
hardware,  prescribed  limits 
piann!ng and 
operational 
procedures 

COMMENTS 

-Low  task  workload 

APPLICATION OF WATER 
IMMERSION SIMULATION 

- None 

~~ ~~~ ~ 

- Problems  of  timeline 
and training  validity 

-inadequate  body 
restraint  system 

-Emphasized  need 
for  simulat ion 

- Body  restraints, 
handholds and  
equipment tledownr 

~ 

7 

-Postflight  evaluation 
by  astronaut  and  ERA 
subjects 

-Demonstrated  preliminary 
u t i l i t y  o f  water  immersion 
tralnlng 

-Partial  prefl ight 
slmuiatlon by E R A  
subjects only 

equipment l o s s  
- Showdd  possiblllty of 

~ 

- Emphaslzed  need 
for  pilot  training 
in water  Immersion 
mode 

-Raised  serious 
questions a s   t o  
EVA  work load 
capabil i ty 

- Preflight  slmulatlon 
by E R A  subjects  only 

- Partially  restructered 
timeline  and  operation 

- Pl lot   performed  task 
d i f f e ren t   t han   ERA 
subjects 

-Proved  utlhty o f  
water  Immersion 
training  technique 

basis f o r   f u t u r e  E V A  
- Ertoblished  adequate 

- Extenslve  preflight  and 
postflight  training by 
astronaut,  supported 
by E R A  subjects 

-Tark simulation  closely 
corresponded t o  f l i gh t  
performance 
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7.0-RECOMMENDATIONS 

The  successful  u s e  of water  immersion  simulation in the  Gemini  pro- 
gram  supported  by  the anabysiB of this  study  provides  the  basis  for  the 
mqjor  recommendations of this  contract. In  some  instances,  theae 
recommendations  are a direct result of the data developed  during  this 
contract.  Certain of the  recommendations are synthesized  from data 
developed  during  previous ERA contracts with the  Langley  Research 
Center.  The  masor  recommendations  are  summarized in Table Xxrm. 
Water  immersion  simulation  should  be u s e d  a s  the  basic simulation  mode 
for  the  zero  gravity  extravehicular tasks f o r  both  the  Apollo and the 
Apollo  applications programs. For these  programs,  the  water  immer- 
sion  simulation  mode  should  be u s e d  to  establish  basic  time  lines  for 
continuous  tagk  performance.  The  film  record  of  the  task  performance 
should  then  be used  to  determine  the  need  for additional sirnulation in 
other  modes,  particularly  the  zero  gravity  aircraft. 

Water  immersion  simulation  should  be  used  to  develop  one  or  more  hu- 
man  factors  experiments for near  future  missions, and to  provide  a 
complete  preflight data base  for  evaluation of the  results  from  the  ex- 
periments.  In  this  manner,  the  need and justification f o r  the experi- 
ments  can  be  clearly  identified.  Preflight  evaluation  can  be  performed 
under  conditions admitting  high fidelity  measurement  techniques  which 
can  then  be adapted to  the  orbital  experiment. I n  this  manner,  the data 
return  from  space  can  be  properly  evaluated after the  flight,  yielding 
the  maximum  possible  efficiency. 

Although  water  immersion  simulation  has  proved  extremely  useful,  its 
value  to  the  space  program will be limited until additional information 
from  space flight  experiments  is  available. It i s  important that the  wa- 

* ter immersion  simulation  mode  be  thoroughly  understood so that it may 
be  used in an  optimum fashion.  Additional  information  needed for opti- 
mum utilization of the  water  immersion  technique  includes: 

Previously  uncontrolled  simulation  parameters of pressure  
and heat load effects  must  be  evaluated and a resultant  tech- 
nique  be  developed  to  more  closely  simulate  spacecraft  en- 
vironmental factors.  

A consistent  metabolic  rate  measurement  system  must be 
developed so that future  space  experiments  can  be  properly 
preassessed in the  simulation and be  properly  correlated 
after  flight.  This  system  must  be  compatible with astronaub 
performance  criteria. 

Additional  study is needed  to  determine  the  exact  numerical 
correlation  between  water  immersion  simulation and zero  
gravity  aircraft  simulation and one  gravity  walkthroughs. 
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(4) The  merits of the  air-filled versus  water-filled  pressure 
suits  must  be  compared on a  specific task basis  to  determine 
task applicability. 

(5) A careful s t u d y  should  be  made to determine  those potential 
astronaut  tasks applicable  to water  immersion  simulation. 
These should  include both IVA and EVA categories. 

A s t r ~ n a u t s  should  be  trained for  zero  gravity  extravehicular activitieq 
by means of water  immersion  simulation.  Each  astronaut  candidate 
f o r  extravehicular  activities  should  be  required  to  have a minimum Q f  
20 hours  pressurized in water  simulation  performing tasks which  have 
been  determined  to  be  similar  to those tasks  he is expected  to even- 
tually perform in space both from  a functional and activity  level. A 
measurement  system should  be  devised for  scqring  performance to 
assist in planning  the  exact  configuration of the  space  tasks. 
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RECOMMENDATIONS 
TABLE XXPII 

O DETERMINE  CONSISTENT TASK  FOR  SPACE  EXPERIMENT 

O PREFLIGHT  EVALUATION OF SPACE EXPERIMENT 

O METABOLIC RATE MEASUREMENT  SYSTEM  DEVELOPMENT 

O RESOLVE PRESSURE- HEAT LOAD EFFECTS 

O CORRELATION OF WATER SIMULATION  WITH GROUND - A / C  

O EXTENSION TO INTRAVEHICULAR AND  REDUCED  GRAVITY  TASKS 

O EVALUATION OF "WATER FILLED" SUIT 

O DETERMINATION OF TASKS APPLICABLE TO  WATER SIMULATION 

O APOLLO EVA TASK  SIMULATION 

O AAP TASK SIMULATION 
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